This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


'-:.       h?      ♦ 


mc  r  ^ 


UNIVERSITY  OF  VIHGWIA   LIBRAf^Y 


X030346594 


Digitized  by  VjOOQ IC 


I 

ftmJiSk 


Zoo- J 


l\M  \m 


ja  '.■■■Tz 


J* 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Inmed  November  2, 191L 


U.  S.  DEPARTMENT  OF  AGRICULTURE, 

BUREAU  OF  E1TT0M0L06T— GIRGULiR  No.  100. 

L.  O.  HOWARD,  Ealc>aK>lo«rt*ii<]C3iia(«(B<ra«. 


AN  INDEX  TO  CIRCUURS  1  TO  100  OF 
THE  BUREAU  OF  ENTOMOLOGY.    - 

BT 

ROLLA  P.  CURRIE  and  ANDREW  N.  CAUDELL. 


WAtHINOTON  :  OOVERNMEhT  PRINTIhQ  OFFICE  :  Itll, 

4844*'— €ir.  100—11 1 


Digitized  by 


Google 


B  UREA  U  OF  ENTOMOLOO  Y. 

L.  O.  Howard,  Entomologist  and  Chief  of  Bureau. 

C.  L.  Marlatt,  Entomologist  and  Acting  Chief  in  Absence  of  Chief 

R.  S.  Clifton,  Executive  Assistant. 

W.  F.  Tastet,  Chief  Clerk. 

F.  H.  Chittenden,  in  charge  of  truck  crop  and  stored  product  insect  investigations. 

A.  D.  Hopkins,  in  charge  of  forest  insect  investigations, 

W.  D.  Hunter,  in  charge  of  southern  field  crop  insect  investigations. 

F.  M.  Webster,  in  charge  of  cereal  and  forage  insect  investigations. 

A.  L.  QuAiNTANCE,  in  charge  of  decidiums fruit  insect  investigations. 

£.  F.  Phillips,  in  charge  of  bee  culture. 

D,  M.  Rogers,  in  charge  of  preventing  spread  ofmoths,  field  work. 

RoLLA  P.  CuRRiB,  in  charge  of  editorial  work. 

Mabel  Colcord,  in  charge  of  library. 


Digitized  by 


Google 


CrCULAR  No.  100.  Inaed  November  2.  mi. 

United  States  Department  of  Agriculture, 

BUREAU  OP  BNTOMOLOOY. 

L.  O.  HOWARD,  Bntomoloflst  and  Chief  of  Bureau. 


AN  INDEX  TO  CIRCULARS  1  TO  100  OF  THE  BUREAU 
OF  ENTOMOLOGY. 

By  RoLLA  P.  CuBBiB  and  Andbbw  N.  Caudell. 

The  first  circular  of  the  present  series,  or  what  was  formerly- 
known  as  the  second  series,  of  the  Bureau  of  Entomology  was  issued 
m  1891,  while  Circular  99  was  issued  in  1908.  The  circulars  of  the 
first  series,  something  over  40  in  number,  were  nearly  aU  merely  cir- 
cular letters  and  had  only  a  temporary  value.  Very  few  of  these  first- 
series  circulars  are  now  known  to  exist,  and  even  tjxe  titles  of  most  of 
them  are  now  unknown. 

While  some  of  the  circulars  of  the  present,  or  second,  series  were 
in  the  nature  of  emergency  circulars,  and  were  therefore  soon  discon- 
tinued or  superseded,  yet  very  many  others  were  popular  summaries, 
containing  in  condensed  form  all  the  important  data  available  con- 
cerning the  particular  insects  discussed.  They  have  therefore  a  dis- 
tinct value  to  the  student  and  worker  in  economic  entomology  as  well 
as  to  the  farmer,  forester,  horticulturist,  and  general  reader.  Many 
of  the  insects  treated  have  not  yet  been  made  the  subjects  of  bulletins 
or  been  considered  in  other  publications  of  the  department,  and  much 
information  contained  in  these  circulars  is  therefore  not  to  be  found 
elsewhere. 

To  make  this  information  more  easily  available  and  to  prevent  it 
from  being  overlooked,  the  present  index  has  been  prepared,  and  it  is 
hoped  that  it  will  be  of  use  to  all  who  read  or  consult  the  circulars 
of  the  bureau. 

For  convenience  the  index  itself  is  preceded  by  a  list  of  circulars 
1  to  100,  with  their  revisions.  This  list  may  be  considered  as  complete 
and  final,  since  the  policy  of  issuing  revised  editions  of  circulars,  i.  e., 
under  the  original  serial  number,  has  been  discontinued  and  no  more 
such  wiU  be  published. 

Where  circulars  have  gone  through  one  or  more  revised  editions  the 

latest  edition  is  the  one  indexed. 
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No.  1.  Condensed  information  concerning  eome  of  the  more  important  insecticidee. 
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No.  2.  The  hop  plant-louse  [Phorodon  humtUi  Schr.]  and  the  remedies  to  be  used 

against  it.    pp.  7,  figs.  5,  pi.  1.    June,  1891. 
No.  3.  An  important  enemy  to  fruit  trees.    The  San  Jose  scale  [Aspidiotua  pemiciostis 

(jomst.]:  Its  appearance  in  the  eastern  United  States;  measures  to  be  taken  to 

prevent  its  spread  and'to  destroy  it.    By  L.  O.  Howard,    pp.  10,  figs.  5.    April  4, 

1893. 
No.  4.  The  army  worm  (Leucania  unipuncta  Haw.).    By  L.  O.  Howard,    pp.  5,  figs. 

3.    June  16, 1894. 
No.  5.  The  carpet  beetle  or  "Buffalo  moth"  (Anthrenits  scrophtUaria  L.).    By  L.  O. 

Howard,    pp.  4,  ^.  1.    September  8,  1894. 
Same,  revised  edition,    pp.  4,  fig.  1.    Issued  August  10, 1908. 
No.  6.  The  Mexican  cotton-boU  weevil  (Anthoncmta  grandU  Boh.).    By  L.  O.  How- 
ard,   pp.  5,  figs.  3.    April  2, 1895. 
Sarne,  Spanish  edition,    pp.  6,  figs.  2.    April  2, 1895. 
No.  7.  The  pear-tree  psylla  (Psylla  pyricola  Foerst.).    By  C.  L.  Marlatt.    pp.  8,  figs. 

6.    May  1,1895. 
No.  8.  The  imported  ebn  leaf-beetle  {Galemcdla  luteola  MOll. ;  Oaleruca  xanthomelsma 

Schrank).    By  C.  L.  Marlatt.    pp.  4,  fig.  1.    May  23, 1895. 
Same,  revised  edition,    pp.  6,  fig.  1.    Issued  September  22, 1908. 
No.  9.  Cankerworms  [PaleacrUa  vemata  Peck  and  (Anisopteryx)  AUophUa  pometaria 

HaiT.].    By  D.  W.  Coquillett.    pp.  4,  figs.  4.    May  24,  1895. 
No.  10.  The  Harlequin  cabbage  bug,  or  calico  back  {Mtargantia  hUtrionica  Hahn). 

By  L.  O.  Howard,    pp.  2,  fig.  1.    May  24, 1895. 
No.  11.  The  rose-chafer  [Macrodactylua  snbspirumu  Fab.].    By  F.  H.  Chittenden. 

pp.  4,  fig.  1.    May  21, 1895. 
Scnne,  revised,    pp.  4,  fig.  1.    lamed  July  6,  1909. 
No.  12.  The  Hessian  fly  (CeddoTnyia  destructor  Say).    By  C.  L.  Marlatt.    pp.  4.    July 

26,1895. 
Same,  revised  edition,    pp.  4.    April  13, 1900.    (Superseded  by  No.  70.) 
No.  13.  Mosquitoes  and  fleas.    By  L.  O.  Howard,    pp.  4.    February  1, 1896. 
Sam£,  revised  edition.    November  15, 1897. 
No.  14.  (Revision  of  No.  6.)    The  Mexican  cotton-boll  weevil  (Anthonomus  grandis 

Boh.).    By  L.  O.  Howard,    pp.  8,  figs.  5.    February  12, 1896. 
8am4,  Spanish  edition,    pp.  8,  figs.  5.    May  18,  1896. 
No.  15.  General  work  against  insects  which  defoliate  shade  trees  in  cities  and  towns. 

By  L.  0.  Howard,    pp.  4.    March  6,  1896.    (In  advance  from  an  article  entitled 

"The  shade-tree  insect  problem  in  the  eastern  United  States/'  to  be  published  in 

the  Yearbook  of  the  department  for  1895.) 
No.  16.  The  larger  com  stalk-borer  (Diatrssa  moeharaUi  Fab.).    By  L.  O.  Howard. 

pp.  3,  figs.  3.    August  13, 1896. 
No.  17.  The  peach-tree  borer  (Sannina  exitiosa  Say).    By  C.  L.  Marlatt.    pp.  4,  fig.  1. 

September  30, 1896.    (Superseded  by  No.  54.) 
No.  18.  (Revision  of  No.  14.)    The  Mexican  cotton-boll  weevil  {ArUhonomus  grandis 

Boh.).    By  L.  O.  Howard,    pp.  8,  figs.  5.    February  4, 18«r.       ^  j 
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SanUf  Spanish  edition,  pp.  10. 
Same,  German  edition,  pp.  11. 
No.  19.  The  clover  mite  (Bryobia  pratenns  Garman).    By  0.  L.  Marlatt.    pp.  4,  fig.  1. 

March  5, 1897. 
Same,  second  edition,    pp.  4,  fig.  1.    July  19, 1897. 
No.  20.  The  woolly  aphis  of  the  apple  (Sckizonewra  lanigera  Hausmann).    By  C.  L. 

Marlatt.    pp.  6,  figs.  2.    March  15, 1897. 
Same,  revised  edition,    pp.  6,  figs.  2.    June  23, 1908. 
No.  21.  The  strawberry  weevil  (Anthonomua  ngnatus  Say).    By  F.  H.  Chitt^iden. 

pp.  7,  figs.  4.    March  18, 1897. 
Same,  revised  edition,    pp.  10,  figs.  5.    Issued  September  19, 1908. 
No.  22.  The  periodical  cicada  in  1897.    By  E.  A.  Schwarz!    pp.  4.    May  1,  1897. 
No.  23.  The  buffalo  tree-hopper  {Ceresa  bvJbalm  Fab.).    By  C.  L.  Marlatt.    pp.  4, 

figs.  2.    May  10,  1897. 
No.  24.  The  two-lined  chestnut  borer  {AgriXv^  bilineatria  Weber).    By  F.  H.  Chitten- 
den,   pp.  8,  fig.  1.    July  14,  1897. 
Same,  revised  edition,    pp.  7,  fig.  1.    Issued  January  20, 1909. 
No.  25.  The  ox  warble  (Hypoderma  Uneata  Villers).    By  C.  L.  Marlatt.    pp.  10, 

figs.  10.    July  19,  1897. 
No.  26.  The  pear  dug  (Eriocampoidet  limacina  Retzius).    By  C.  L.  Marlatt.    pp.  7, 

figs.  4.    August  28,  1897. 
No.  27.  The  Mexican  cotton-boll  weevil  in  1897.    By  L.  O.  Howard,    pp.  7.    Decem- 
ber 31,  1897. 
No.  28.  The  box-elder  plant-bug  (Leptocoria  triviUatue  Say).    By  L.  O.  Howard. 

pp.  3,  fig.  1.    January  8,  1898. 
No.  29.  The  fruit-tree  bark-beetle  (Scolytiu  rugulosus  Ratz.).    By  F.  H.  Chittenden. 

pp.  8,  figs.  5.    March  25, 1898. 
Same,  revised  edition.    March  25,  1903. 

No.  30.  The  periodical  cicada  in  1898.    By  E.  A.  Schwarz.    pp.  3.    April  1,  1898. 
No.  31.  The  striped  cucumber  beetle  (Diubrotka  vittata  Fab.).    By  F.  H.  Chittenden. 

pp.  7,  figs.  2.    April  26,  1898. 
Same,  revised  edition,    pp.  6,  figs.  2.    June  9,  1903. 
Same,  second  revision,    pp.  8,  figs.  2.    Issued  May  22, 1909. 
No.  32.  The  larger  apple-tree  borers.    By  F.  H.  Chittenden,    pp.  12,  figs.  3.    July  1, 

1898. 
Same,  revised  edition,    pp.  12,  figs.  3.    August  30,  1902. 
Same,  second  revise,    pp.  11,  figs.  3.    April  8,  1905. 
Same,  third  revise,    pp.  11,  figs.  3.     Issued  December  10,  1907. 
No.  33.  Remedial  work  against  the  Mexican  cotton-boll  weevil.    By  L.  0.  Howard. 

pp.  6.    July  1,  1898.    (Supplementary  to  circulars  18  and  27.) 
No.  34.  Houseants  (Monomcnium  pharaonis  et  al.).    By  C.  L.  Marlatt.    pp.  4,  figs.  3. 

July  6,  1898. 
Same,  revise,    pp.  4,  figs.  3.    Issued  June  12, 1907. 
No.  35.  House  flies  {Mutca  domestica  et  al.).    By  L.  O.  Howard,    pp.  8,  figs.  6.    July 

11,  1898.    (Superseded  by  No.  71.) 
No.  36.  The  true  clothes  moths  (Tinea  pellionella  et  al.).    By  C.  L.  Marlatt.    pp.  8, 

fi9B.3.    July  18,  1898. 
Same,  revise,    pp.  8,  figs.  3.    Issued  January  15,  1908. 
No.  37.  The  use  of  hydrocyanic-acid  gas  for  fumigating  greenhouses  and  cold  frames. 

By  Albert  F.  Woods  and  P.  H.  Dorsett.    pp.  10,  figs.  3.    January  10,  1899. 
Same,  corrected  print.    (Compare  page  8.)    pp.  10,  figs.  3.    January  10, 1899. 
Same,  revised  edition,    pp.  10,  figs.  3.    October  2, 1903. 
Same,  second  revise,    pp.  11,  figs.  3.    Issued  April  3, 1906. 
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No.  38.  The  squaah-vine  borer  (Melittia  satyriniformU  Hbn.).    By  F.  H.  Chittenden. 

pp.  6,  figs.  2.    April  22,  1899. 
Same,  revised  edition,    pp.  6,  figs.  2.    November  19, 1903. 
Same,  second  revise,    pp.  6,  figs.  2.  Issued  September  3,  1908. 
No.  39.  The  common  squash  bug  (Anasa  triatis  De  G.).    By  F.  H.  Chittenden,    pp. 

5,  figs.  3.    May  5,  1899. 
Same,  revised  edition,    pp.  5,  figs.  3.    March  23,  1905. 
Same,  second  revise,    pp.  5,  figs.  3.    Issued  July  28,  1908. 
No.  40.  How  to  distinguish  the  different  mosquitoes  of  North  America.    By  L.  O. 

Howard  (with  "S)moptic  tables  of  the  North  American  mosquitoes,''  by  D.  W. 

Coquillett).    pp.  8,  figs.  3.    February  20,  1900. 
No.  41.  Regulations  of  foreign  governments  regarding  importation  of  American  plants, 

trees,  and  fruits.    By  L.  O.  Howard,    pp.  4.    August  24,  1900. 
No.  42.  How  to  control  the  San  Jose  scale.    By  C.  L.  Marlatt.    pp.  6.    October  22, 

1900. 
Same,  revised,    pp.  6.    May  17,  1902. 
Same,  second  edition.    May  26,  1902. 
Same,  third  edition.    April  6,  1903. 
Same,  fourth  edition,    pp.  8.    March  10,  1906. 
Same,  fifth  edition,    pp.  7.    [March  31]  1909. 
No.  43.  The  destructive  green  pea  louse  (Nectarophara  de$tructor  Johns.).    By  F.  H. 

Chittenden,    pp.  8,  figs.  3.    May  23,  1901. 
Same,  second  edition  [entitled  "The  pea  aphis  (Macrosiphum  pin  Kalt.)"].    pp.  10, 

figs.  7.    Issued  February  25,  1909. 
No.  44.  The  periodical  cicada  in  1902.    By  W.  D.  Himter.    pp.  4,  figs.  2.    March  13, 

1902. 
No.  45.  A  new  nomenclature  for  the  broods  of  the  periodical  cicada.    By  C.  L.  Marlatt. 

pp.  8.    May  1,  1902. 
No.  46.  Hydrocyanic-add  gas  against  household  insects.    By  L.  O.  Howard,    pp.  6. 

June  22,  1902. 
Same,  revised  edition,    pp.  7.    Issued  February  20, 1907.    Revised  by  C.  L.  Marlatt. 
No.  47.  The  bedbug  (Cimex  lecttUarius  Linn.).    By  C.  L.  Marlatt.    pp.  8,  figs.  3. 

June  15,  1902. 
Same,  revised  edition,    pp.  8,  figs.  3.    Issued  February  26,  1907. 
No.  48.  The  house  centipede  {ScuHgera  forceps  Raf.).    By  C.  L.  Marlatt.    pp.  4,  figs. 

2.    June  10,  1902. 
No.  49.  The  silver  ^^{LepisTnasaccharina  Linn.).     By  C.  L.  Marlatt.    pp.  4,  figs.  2. 

June  20, 1902. 
No.  50.  The  white  ant  (Tennes  flavipes  KoU.).    By  C.  L.  Marlatt.    pp.  8,  figs.  4. 

June  30,  1902. 
Same,  revised  edition,    pp.  8,  figs.  4.    Issued  January  27,  1908. 
No..51.  Cockroaches.    By  C.  L.  Marlatt.    pp.  15,  figs.  5.    June  23,  1902. 
Same,  revised,    pp.  14,  figs.  5.    Issued  Jime  23,  1908. 
No.  52.  The  lime,  sulphur,  and  salt  wash.    By  C.  L.  Marlatt.    pp.  8.    February  20, 

1903. 
Same,  second  edition.    March  18,  1904. 
No.  53.  The  yellow-winged  locust  (Camnula  pelludda  Scudd.).    By  C.  B.  Simpson. 

pp.  3,  fig.  1.    May  12,  1903. 
No.  54.  The  peach-tree  borer  {Sannina  exiUosa  Say).    By  C.  L.  Marlatt.    pp.  6,  fig.  1. 

October  19, 1903. 
No.  55.  Powder-post  injury  to  seasoned  wood  products.     By  A.  D.  Hopkins,     pp.  5, 

fig.  1.    November  20,  1903. 
No.  56.  The  most  important  step  in  the  cultural  system  of  controlling  the  boU  weevil. 

By  W.  D .  Hunter,    pp.  7.    October  10,  1904.    (Superseded  by  No^5.) 
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No.  57.  The  greenhouse  white  fly  (^2^rt>d!MiNxjx>roriommWe6^       By  A.  W.  Morrill. 

pp.  9,  fig.  1.    Febniary  15, 1905. 
No.  58.  Report  on  the  gypey  moth  and  the  brown-tail  moth,  July,  1904.    By  0.  L. 

Marlatt.    pp.  12,  pi.  1,  map  1.    March  21,  1905. 
No.  59.  The  com  root-worms.    By  F.  H.  Chittenden,    pp.  8,  figs.  3.    March  23, 1905. 
No.  60.  The  imported  cabbage  worm  (Pontia  rapx  Linn.).    By  F.  H.  Chittenden. 

pp.  8,  figs.  6.    April  28, 1905. 
No.  61.  Black  check  in  western  hemlock.    By  H.  E.  Burice.    pp.  10,  figs.  5.    May  24, 

1905. 
No.  62.  The  cabbage  hair-worm.    By  F.  H.  Chittenden,    pp.  6,  fig.  1.    May  17, 

1905. 
Same,  revised  edition,    pp.  6,  ^,  1.    Issued  July  28,  1908. 
No.  63.  Root-maggots  and  how  to  contzol  them.    By  F.  H.  Chittenden,    pp.  7,  figs.  5. 

June  6, 1905. 
Same,  second  edition,    pp.  7,  figs.  5.    February  12, 1906. 
No.  64.  The  cottony  maple  scale  (PuMnaria  innumerabiUt  Rathvon).    By  J.  G. 

Sanders,    pp.  6,  figs.  4.    September  7, 1905. 
No.  65.  The  cotton  red  spider  ( Tetranydnu  gloveri  Bks.).    By  E.  S.  G.  Titus,    pp.  5, 

figs.  2.    October  30,  1905. 
No.  66.  The  joint-wonp  (lioaoma  triUci  Fitch).    By  F.  M.  Webster,    pp.  5,  figs.  5, 

October  20,  1905. 
Same,  revised  edition,    pp.  7,  figs.  6.    Issued  September  21, 1908. 
No.  67.  The  clover  root-borer  {HyUalinuB  obidurui  Marsham).    By  F.  M.  Webeter. 

pp.  5,  figs.  4.    December  28,  1905. 
No.  68.  The  tobacco  thrips  and  remedies  to  prevent  ''white  veins "  in  wrapper  tobacco 

(Euthrips  nicotianx  Hinds).    By  W.  A.  Hooker,    pp.  5,  figs.  2.    February  26, 1906. 
No.  69.  Some  insects  affecting  the  production  of  red  dover  seed.    By  F.  M.  Webster. 

pp.  9,  figs.  8.    April  12, 1906. 
No.  70.  The  Hessian  fly  {Mayetiola  [Ceeidomyia]  deitructar  Say).    By  F.  M.  Webster. 

pp.  16,  figs.  16.    April  14, 1906. 
No.  71.  (Revision  of  Circular  No.  35.)    House  flies  ( Mutea  domeitiea  et  al.).    By  L.  O. 

Howard,    pp.  9,  figs.  9.    March  27, 1906. 
Same,  revised  edition,    pp.  10,  figs.  9.    September  21, 1906. 
No.  72.  Key  to  the  known  larv»  of  the  mosquitoes  of  the  United  States.    By  Harrison 

G.  Dyar.    pp.  6,  fig.  1.    April  27,  1906. 
No.  73.  The  plum  curculio  (C<motra(^lu8  nenuphar  Herbst).    By  Fred  Johnson  and 

A.  A.  Girault.    pp.  10,  figs.  5.    April  14, 1906. 
No.  74.  The  periodical  cicada  in  1906.    By  C.  L.  Marlatt.    pp.  5,  figs.  3.    April  16, 

1906. 
No.  75.  Requirements  to  be  complied  with  by  nurserymen  or  others  who  make  inter- 
state shipments  of  nursery  stock.    By  A.  F.  Buigess.    pp.  6.    July  5, 1906. 
Same,  revised  edition,    pp.  7.    Issued  July  24,  1908. 
Same,  second  revision,    pp.  9.    Issued  August  7, 1909. 

No.  76.  List  of  publications  of  the  Bureau  of  Entomology.    Compiled  by  Mabel  Col- 
cord,    pp.  21.    September  24, 1906. 
Same,  revised  to  March  1,  1908.    pp.  28. 
Same,  revised  to  May  1, 1909.    pp.  29. 
Same,  revised  to  FebruaJry  1, 1910.    pp.  32. 

No.  77.  Harvest  mites,  or  "chiggers."    By  F.  H.  Chittenden,    pp.  6,  figs.  3.    Sep- 
tember 29,  1906. 
No.  78.  The  slender  seed-corn  ground-beetle  (CKvina  impresnfrona  Lee.).     By  F.  M. 

Webster,    pp.  5,  figs.  2.    October  4,  1906. 
No.  79.  The  brood  diseases  of  bees.    By  E.  F.  Phillips,    pp.  5.    October  3,  1906. 
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No.  80.  The  melon  aphis  (Aphis  gostypii  Glov.).    By  F..H.  Chittenden,    pp.  16, 

figB.  6.    November  14,  1906. 
No.  81.  The  aphides  affecting  the  apple.     By  A.  L.  Quaintance.    pp.  10,  figs.  8. 

Issued  March  9, 1907. 
No.  82.  Pinhole  injury  to  girdled  cjrprefls  in  the  South  Atlantic  and  Gulf  States. 

By  A.  D.  Hopkins,    pp.  4,  ^,  1.    Issued  January  2, 1907. 
No.  83.  The  locust  borer  [CyUene  rohinia  Forst.]  and  methods  for  its  control.    By 

A.  D.  Hopkins,    pp.  8,  figs.  4.    Issued  February  19,  1907. 
No.  84.  The  grasshopper  problem  and  alfalfa  culture.    By  F.  M.  Webster,    pp.  10, 

figs.  8.    Issued  April  6,  1907. 
No.  85.  The  spring  grain-aphis  (Toxoptera  graminum  Rond.).    By  F.  M.  Webster. 

pp.  7,  figs.  3.    Issued  March  29, 1907.    (See  also  No.  93.) 
No.  86.  The  com  leaf-aphis  [Aphis  mcndis  Fitch]  and  com  root-aphis  [Aphis  maidi' 

radicis  Forbes].    By  F.  M.  Webster,    pp.  13,  figs.  4.    Issued  May  6, 1907. 
No.  87.  The  Colorado  potato  beetle  {Leptinotarsa  decemlineata  Say).    By  F.  H.  Chit- 
tenden,   pp.  15,  figs.  6.    Issued  June  3,  1907. 
No.  88.  The  terrapin  scale  (Eulecanium  nigro/asciatum  Pergande).    By  J.  G.  Sanders. 

pp.  4,  figs.  3.    Issued  May  14,  1907. 
No.  89.  The  periodical  cicada  in  1907  (TUncen  septendedm  L.,  race  tredecim  Walsh- 
Riley).    By  C.  L.  Marlatt.    pp.  4,  figs.  3.    Issued  May  14,  \907. 
No.  90.  The  white-pine  weevil  [Pissodes  strobi  Peck].    By  A.  D.  Hopkins,    pp.  8,  figs 

6.    Issued  June  18,  1907.  ^ 

No.  91.  Note  on  the  occurrence  of  the  North  American  fever  tick  [(Boophilus)  Margaro- 

pus  annulatus  Say]  on  sheep.    By  W.  D.  Hunter,    pp.  3.    Issued  July  3, 1907. 
No.  92.  Mites  and  Hce  on  poultry.    By  Nathan  Banks,    pp.  8,  figs.  6.    Issued  Sep- 
tember 25,  1907. 
No.  93.  The  spring  grain-aphis  or  so-called  '*green  bug''  ( Toxoptera  graminum  Rond.). 

By  F.  M.  Webster,    pp.  18,  figs.  7.    Issued  August  22, 1907. 
8a!nu,  revised,    pp.  22,  figs.  10.    Issued  June  23,  1909. 
No.  94.  The  cause  of  American  foul  brood  [Bacillus  2arv«].    By  G.  F.  White,    pp.  4. 

Issued  July  29,  1907. 
No.  95.  (Revision  of  Circular  No.  56.)    The  most  important  step  in  the  control  of  the 

boll  weevil  [^7UAonomii«  ^onc^  Boh.].    By  W.  D.  Hunter,    pp.8.    Issued  October 

3,1907. 
Same^  revised  edition,    pp.  8.    Issued  September  21, 1908. 
Samtf  French  edition,    pp.  11.    Issued  January  21, 1909. 
No.  96.  The  catalpa  sphinx  {Ceratomia  oatalpst  Bdv.).    By  L.  O.  Howard  and  F.  H. 

Chittenden,    pp.  7,  figs.  2.    Issued  December  16, 1907. 
No.  97.  The  bagworm  (Tkyridopteryx  ephemerxformxs  Haw.).    By  L.  O.  Howard  and 

F.  H.  Chittenden,    pp.  10,  figs.  11.    Issued  February  6, 1908. 
No.  98.  The  apple-tree  tent  caterpillar  (Malacosoma  amerioana  Fab.).    By  A.  L. 

Quaintance.    pp.  8,  figs.  4.    Issued  January  28,  1908. 
No.  99.  The  nut  weevils.    By  F.  H.  Chittenden,    pp.  15,  figs.  14.    Issued  March  6, 

1908. 
No.  100.  An  index  to  Circulars  1  to  100  of  the  Bureau  of  Entomology.    By  Rolla  P. 

Currie  and  Andrew  N.  Caudell.    pp.  i-ii,  1-49.    Issued  October  — ,  1911. 
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Circular 
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Figure. 


Abkifnnm.    (See  Fir,  lowland.) 
laaiocarpa.    (See  Fir,  Alpine.) 

Ablenu  dtoioeampk,  paiasiteof  liMcotoma  amerioana 

Aealypha,  food  plant  of  iipftif  ^oMvptf 

AtMiM^l^Htarta.    (Seeiedbug.) 
Acer  ntgundo.    (See  Box  elder.) 

taakartimm,  food  fAaiitoiBuUeafdumfUgnfatekaum 

PtUvtnaria  innumenMUs 

AddOea  maUfdUum,  flowers,  food  otAnthrmut  terophularix , 

AehoOa  finUtuptno»a,  probable  enemy  of  BalarUnui  proboaddeut  and 

B.  reetua 

A  ddUa  bfpunetaia,  enemy  of  aphides 

Sfaerottpkum  pisi , 

PtpUa  pvrteola 

Adiantum  bttUU,  ftunlgation  with  hvorooyanlo-acid  gas 

enneatum,  fumigation  with  hydrocyanio^cid  gas 

AiitM  Q^nUau,  distinctive  charactera  of  larva 

dlsUnotive  characters  of  genus,  adults 

fiueuB,  distinctive  characters  of  adult 

larva 

ffrostdecU,  distinctive  characters  of  larva 

tnfirmattUj  distinctive  characters  of  larva 

fiMyld,  distinctive  characters  of  larva 

aavpkirimu,  distinctive  characters  of  adult 

table  of  North  American  species,  adults 

form«nlor,  distinctive  characters  of  larva 

Ageratum ,  food  plant  of  A  leprodet  vapomriorum 

jt^MUNfertupaO^.  injurious  to  seed  com 

.ifriliw  ftOiJisatet,  circular 

remedies , 

Agiopmon  oeddentaUs,  food  plant  of  ToiopUra  fframinum 

repent,  food  plant  of  Mapenola  deHructor  or  related 

species , 

tenerum,  food  plant  of  Toxoptera  graminum 

Agrastis,  food  plant  of  Jnycfioto  dMCntctor  or  related  species 

possible  fbod  plant  of  raiop<«ra  ^romitittm 

Alabama,  requirements  relative  to  shipment  of  nursery  stock  ....*.., 

AJoobol  as  remedy  tor  "chlggers" , 

(wood)  and  oil  of  lemon  against  com  root-aphis 

ilkfrodet  cftH  on  citrus  plants  in  neenhouses 

padcardi  on  strawberry  m  greenhouses 

spp.,  in  greenhouses,  remedies 

caporoHortf lit,  circular 

on  tomato 

remedies ^ 

AUUte,  food  plant  of  Brvdufphoffutfundfrti , 

Cimnuia  peUudda 

IHabrotka  IS-pwwtata 

HifUuUnus  obfcunu 

grasshopper  enemies,  circular 

Alkali  wash  aminst  round-headed  apple-tree  borer 

AUoeoia  (kfrwtpterigitt  parasite  of  JliyTidopUttx  ephemer^ormie,.... 
probable  host  of  Habmqftui  thipridopieriffie. . . 

AUofmpta  oUiiuaf  enemy  oi  Aphis  aoetppii 

Macroetphumpiai 

Almond,  Ibod  plant  of  Bryobki  praUruia 

Aloouia  maerorhka  variuata,  Itimigation  with  hydroo3ranio-add  gas. 

Alopeeums  fenfcttlatef.  food  plant  of  TosopUra  graminum 

Aliuce.    (See  Clover,  alsike.) 

Alum  ineffective  ageJnst  rose-chafer 

AlyMim,  sweet,  food  plant  of  Pontia  rapx 
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Figure. 


Amaranthus,  food  plant  of  A  pMt  goufiM 

probable  food  plant  of  vktbratka  li^punetata 

Ambrosia  beetles  in  girdled  cypress,  remedies 

injury  to  girdled  cypress 

trifida.    (See  Ragweed.) 

AmeloeUmut  cU$iocampx,  parasite  of  Malaeotifma  amerkana 

Ammonia  as  remedy  for  "chlggere" 

ineffective  against  strawberry  weevil 

to  alleviate  pain  from  centipede  bites 

Amorpha,  food  plant  of  Diabrotka  li^nctata 

ilmpMcyrts  timpUdpM,  association  with  CheUotia  aUukewis 

Anaphet  conotracheUf  parasite  of  Qmotraekeliu  nenuphar 

ilnara  (rifttt,  circular 

remedies 

Antttit  oeeOata  —  Anatis  IS-punetata 

iS^punetatat  enemy  of  LepHnotarta  decemlineata 

Andromeda,  food  plant  oi  MacrodaetvUu  tubtpinontB 

Animal  matter,  dead,  food  of  coclcroaches 

AnitopUryx  pometariaf  general  aooount 

remedies 

Anomaion  analtf  parasite  of  MaUuotoma  amerkana 

exile,  parasite  of  Malaeoeoma  amerkana 

Anopedias  error,  parasite  of  Daspnewa  leffuminkola 

A  nt^lee  aMmanue,  status 

aimuUmanue  perhaps  —  Cidex  cofuoMnus 

status 

ftorbeH,  distinctive  characters  of  larva 

ervtclanfi,  distinctive  characters  of  adult 

larva 

sjmonyms 

distinctive  characters  of  genus,  adulls 

'  /rofidaoaniM,  distinctive  characters  of  larva 

hkmalia  —  punetipennie 

maevUpennk,  distinctive  characters  of  larva 

probably  '^Anophele*  quadrimaeulatut 

status 

ntaripee,  status 

ptetufAnophelet  entcknt 

status 

pwneUpennit,  advlti 

Anoj^eUe  hkmaUt  a  synonym 

dlstmctive  characters  of  adult 

larva 

fuadrhnaeulattu.  Anopheles  maeuttpennk  a  probable  syn- 
onym  , 

distinctive  characters  of  adult 

resting  position  of  adults 

table  oiNorth  American  species,  adults 

unrecognised  North  American  species 

Anophelins,  dlsonctive  characters  of  larve 

A  nOtomffia  eeparum  •-  Pegomya  eevetorum , 

AnthonomuM  grandie.    (See  Weevil,  Mexican  cotton  boll.) 

eignatuifCiicuiBr 

remedies 

Anthrenut  lepiduM,  not  known  to  attack  carpets 

scropftttjorte,  cbrcular , 

remedies 

Anthwium  eryttaUinum,  fumigation  with  hydrocyanic-acid  gas 

Ant,  little  black.    (See  MonomwUtm  nUntUum.) 

brown.    (See  Laehu  niger  var.  amerkanue.) 
red.    (See  Ifonomorium  pharaonit.) 
pavement    (See  TOramorium  aespUum.) 

white  ( Termet  flavipee),  circular 

hydrocyanio-acid  gas  as  remedy 

remedies , 

Ants  as  disseminators  of  San  Jose  scale «. 

carbon  blsulphld  as  insecticide 

"cows" 

destruction  in  control  of  com  rootraphis 

enemies  of  Chrfeobothriefemorata 

feeding  on  honeydew  from  aphides , 

house-Infesting  species,  circular , 

remedies 

h  ydrocyanic-acid  gas  as  remedy 

lemedies 

A  onidia  awanlii,  resin  wash  as  insecticide 

cftHniM,  resin  wash  as  insecticide , 

A  panUlet  earpatue,  parasite  of  Tinea  pelUoneUa 

TrkhopihagatapeUeUa , 

eatalpm.    (See  MkropUtit  eatalpse.) 

dMocompc,  parasite  of  M<aaeo9oma  amerieana 

eonffregatui,  parasite  of  Ceratomia  eatalpm 

var.    rufoeoxaUt,    parasite   of    Malaeotoma 

amerieana 

glomerotue,  parasite  of  Pontki  rapm 
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ATpMkmu  maU,  parasite  of  SchiMonewa  lanigera 

ni^fruua,  parasite  of  Toioptera  graminum 

Apkenogatterfuiuif  enemy  of  AntMnomua  signatus 

Aphides  aflecting  the  apple,  circular 

remedies 

tobacco  as  remedy 

AjMdiua  fUttkeri,  parasite  of  Maerosiphum  pisi 

wukinotonentU,  XNurasite  of  Maeroiiphum  pisi 

Aphis,  apple.    (See  Aphis  maU.) 

apple,  rosy,    (dee  Aphis  mal^oUsB.) 
avenss.    ( dee  Siphocoryne  avenm. ) 
black.    (8eeXpAi«^0Myp<i.) 

bnusktit  control  by  natiural  enemies 

hoaXoiLysiphlebustTUki 

cabbage.    (See  Aphis  hrassiem.) 

dtr^om'-AM  gossfpU 

dtnaU^Aphis  ffossypU 

com  leaf.    {Qw  Aj^is  mamis.) 

root    (See  At^is  maidi-radkis.) 
cotton.    (See  Aphis  ffossypii.) 

eutumeris  '^ Aphis  Qpssfpii 

European  grain.    (See  Siphocorfiu  avenst.) 

fUehi  ''Siphoeoryne  avenm 

forbtsi'' Aphis  gossffpU , 

pofiypit,  circular 

host  of  LpsipMdmstrUicl 

remedies 

maU^^ndkls,  general  account , 

boat  otLysiphMmstrUid 

remedies , 

Motftty  genecal  account , 

host  of  LfsiphldmstrUicl 

malffoUm,  general  account 

remedies , 

matt,  general  account 

remedies 

mekm.  (See  Aphis  ffossifpU.) 
ofange.  (See  ApMs gossypH.) 
pea.    (See  Maerosiphum  pisi.) 

pomi'^Aphis  maU 

setarix,  host  otLpsiphM>ustritiei 

«orM,  food  plants 

perhaps^ilp^  mdUfoliat 

spring  grain.    (See  Toxoptera  graminum.) 
squaah.    (See  NsetaTxrpkora  eucurbiUt.) 
woolly.    (See  St^Uzoneura  lanigera.) 

apple.    (See  SeMsoneura  lanigera.) 

Aphfcus  putodiafu;,  naruite  of  PuMnaria  innumerabilis 

Apple  apoldee,  circular 

remedies. 

aphis.    (See  ApMs  maU.) 

nay.    (&»  Aphis  malifolite.) 

character  of  iiOury  by  Oonotraehelus  nenuphar 

crab,  food  plant  of  ilpiUffnaU 

Oonotraehelus  nenuphar 

Saperda  Candida 

eretata 

Schizoneura  lanigera 

wild,  lees  injured  than  other  apples  by  Schizoneura 

lanigera , 

food  plant  of  ilfiifopfmfzpometoHa 

Aphis  maii 

meUifolix 

sorW 

SrffoMa  pratensis , 

canker-worms , 

C%rysobothrisfemorata 

Qmotrachelus  nenuphar 

Oiairotiea  It-punctata 

longicomis 

vUtata 

Euieeonium  nigrofasciatum 

BuproeUs  chrysorrhasa , 

Leptoooris  triuiUatus 

Maerodaetylus  subspirtosus 

Malaeosona  americana 

PaUacrita  vemata 

Pulvinaria  innumerabilis 

San  Jose  scale 

Saperda  Candida 

creiata 

Sdiisoneura  lanigera . . .  < 

SeoUftus  rugulosus 

Sipioeofyne 


20,  rev. 
93, rev. 

21,  rev. 

81 

81 

37,  rev.  2 

43,ed.2 

43,ed.2 


93,  rev. 

80 
80 


80 

81 
80 
SO 

93,  rev. 
80 
86 

93,  rev. 
86 
86 

93,  rev. 
81 
81 
81 
81 


81 

93,  rev. 

81 

81 


73 

81 

73 

32,  rev.  3 

32,  rev.  3 

20,  rev. 

20,  rev. 

9 

81 

81 

81 

19,  ed.  2 

9 

32,  rev.  3 

73 

59 

59 

31,  rev.  2 

88 
58 
28 
11,  rev. 
98 
9 
64 
3 

32,  rev.  3 
32,  rev.  3 

20,  rev. 

29,  rev. 

81 


6 
15 
4 

1-10 

9-10 

1 

5 

5 


15-16 
17 


3 

5 

1-16 

17 

8-16 

1,4-9 

17 

^13 

1-3 

17 

7-9 

^10 

5-6 

^10 


4 
1-10 
^10 


2 
3-4 
5 
7 
7 
2 
1 
9 
4 
3 
7 
2 
9 
11 
1 
2 
2 
1-3 
2 
1 
3 
8 
1-4 


1-8 


1-6 

"**i-2 

6 

'i,'3^ 


1-8 
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Apple,  iQjury  by  Cereta  bubaiut 

louse,  woolly.    (See  SehUoneura  lanigera.) 

Nortoem  Spy  variety  resistant  to  SckUoneura  lanigera 

root  louse  (see  also  Schizoneura  lanigera). 

insecticides 

plant-louse.    (See  Schizoneura  lanigera.) 

thorn,  food  plant  of  Leplinotarsa  decemUneata 

wild  balsam.    (See  Bckinocifitit  lobata.) 
worm.    (See  Oarpoeapaa  pomoneUa.) 

Apricot,  food  plant  of  Cbnotracheltu  nenuphar 

Diabrotiea  It-mtnctata 

8oolytu9  Tugwotxu 

not  infested  by  Atpidiotuapemidonu 

Aradut  sjp..  mistaken  for  Cimex  lectulariiu 

AraUa  fmef/oUa.  fumigation  with  hydrocyanio^dd  gas 

Arborvltsd,  food  plant  of  Bryobia  praUwM 

TkyridopUrifz  ephemerarformit 

Arctium ,  food  plant  of  A  pMt  aouypii 

Areca  luteseens,  ftunigatioy  with  hydrooyanio-acid  gas 

Araaa  miniatw,  general  account 

Artlut  erittatus,  enemy  of  Diabrotiea  It-puncUUa 

Pontia  rapm 

range  extending  northward 

Arizona,  requirements  relative  u>  shipment  of  nursery  stoclc 

Arkansas,  requirements  relative  to  shipment  of  nursery  stock 

Army  worm.    (See  Leu/earda  unipuncta.) 

Arsenate  of  lead  against  apple-tree  tent  caterpillar 

iMgworm , 

catalpa  sphinx 

Colorado  potato  beetle , 

imported  cabbage  worm 

plum  curcuilo 

roseKshafer , 

southern  com  root-worm 

striped  cucumber  beetle , 

and  Bordeaux  mixture  against  rose-chafer 

8trawb«rry  weevil . . 
striped   cucumber 
beetle  and  fun- 
gous diseases 

Arsenic  in  starch  paste  against  silver  fish 

white,  against  boll  weevil 

as  insecticide 

against  boll  weevil , 

Arsenical  and  lime  against  peach-tree  borer 

Aiseoicals  (see  also  Arsenate  of  lead,  Arsenic,  Arsenlte  of  copper, 
Arsenite  of  lime,  Arsenoid,  green,  London  purple,  Paris 
green,  and  Scheele's  green). 

a^unst  apple^ree  tent  caterpillar 

bagworm... , 

boll  weevil 

catalpa  sphinx 

Colorado  potato  beetle , 

imported  cabbage  worm , 

pear  slug 

plum  curcuilo 

rose-chafer 

Southern  com  root-worm 

strawberry  weevil 

siTiped  cucumber  beetle 

yellow-winged  locust 

and  Bordeaux  mixture  against  apple-tree  tent  caterpillar, 
southem  com  root-worm . 

milk  of  lime  against  apple-tree  tent  caterpillar 

harmlessness  when  properly  applied 

Aisenious  add.    (See  Arsenic,  white.) 

Arsenite  of  copper  against  boll  weevil 

lime  with  soda  against  Colorado  potato  beetle 

Arseoites  as  insectiddes 

Arsenoid,. green,  against  plum  curcuilo 

Asdepias,  food  plant  ot  Diabrotiea  Ifi-puncUUa 

Ashes  against  pear  slug 

root  form  of  woolly  aphis 

striped  cucumber  beetle 

ineffective  against  strawberry  weevil 

Ash,  mountain,  food  plant  of  Chrpaobothrii  femorata 

Saperda  Candida 

Scolptus  rugulostu 

Asparagus,  food  plant  ot  Aphia  goasypii 

Diabrotiea  It-punctata 

A9pidiotU9  pemidoaiu.    (See  Scale,  San  Jose.) 

Aster,  food  plant  otAlevrodea  vaporariorum 

Diabrotiea  ii-punetata 

vidata 

white,  flowers  frequented  by  butterflies  of  Pontia  rapm 


20,  rev.  2 

1 

87 


73 

50 

29,  rev. 

3 

47,  rev. 

37,  rev.  2 

19,  ed.  2 

97 

80 

37,  rev.  2 

92 

69 

60 

97 

76,  rev.  2 

76,  rev.  2 

98 
97 
96 
87 
60 
73 


11. 


31,  rev.  2 
11,  rev. 
21,  rev. 


31,  rev.  2 
49 


97 
33 
96 
87 
60 
26 
78 

11,  rev. 
69 

21,  rev. 

31,  rev.  2 

68 

98 

69 


33 

87 

1 

73 
69 
26 

20,  rev. 
81,  rev.  2 

21,  rev. 
32,  rev.  3 
32,  rev.  3 

29,  rev. 
80 
69 

67 

60 

31.  rev.  2 

60 


4,6 
3 
2 
1 
4 
3 
2 

3-4 
6 
3 
4 
6 
6 
2 

1-2 
2 

8 
9-10 
6 
14 
6 
9 
3 
6 

6-7 
3 

8,9 


fr-7 
4 
3-4 
&-7 
6-7 
4 


8 

0-10 

1-1 

6 

13-14 

6 

6 

9-10 

3 

6 

8-9 

6 

3 

8 

6 


3-4 
14 

6-7 
9 
3 
6 
4 
6 
7 
9 
3 
2 
6 
3 

2 
3 
2 
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AtrojMUi  eoUhui,  parasite  of  PxiMnoHa  iimumerabiUt 

Attagenfu  pkeuSf  black  carpet  beetle 

destruotioii  by  cold  storage 

Aastria-Huiigary,  laws  relative  to  importation  of  American  plants, 

frees,  and  fruits 

Avtognpha  frroMtoe,  the  cabbage  looper 

Axle  grease  against  ox  warble 


Baecha  babfttoimBaeeka  clavata. 


doMto,  enemy  of  Aphit  gottypU. 
eognata,  enemy  of  ApMi  goMjfpii. 


futdptimia,  enemy  otA'pkit  gotsypii 

lugent,  enemy  of  Aphi*  gostppii 

BtdUutatvei 

bnndtnbwgUnH»pToh&hly''BaeUlU8  larvas 

Imrri  prohibly^  BacUlut  iarvm 

etUoTHotoxkon,  bacterial  disease  oi  Anasa  tristU 

larvm,  cause  of  American  foul  brood 

trttduipMlut  (see  also  Neocoitnoipora  vatinfecta). 

transmission  hy  AwuatriitU 

X 

Bacterial  disease  of  Malaeototna  amerkona 

wilt  disease  of  cucurbits,  cotton,  and  cowpeas.    (See  Bacil^ 
lu»  traeheiphUut  and  Neocosmoepora  vasit^ecta.) 

Bagging  grapes  against  rose-chafer 

Bagworm  (  Thf/mopUryx  ephemerxformit),  circular 

onoatalpa , 

remedies , 


Bakeries,  Infestation  by  cockroaches 

BalaninMs  emrpst,  general  account 

remedies 

oMwiM,  general  account 

remedies 

pnbotcideut,  general  account 

remedies 

reehu,  general  account 

remedies ^ 

Balsam  apple,  wild.    {See  BdiinoepstU  lobata,) 
Banding  against  Ml  canker-worm 

peach-tree  borer 


spring  canker-worm , 

Barks,  Nathan,  circular,  ''Mites  and  I4ce  on  Poultry" 

Bark  beetle  firoii    (Set  Seolgtui  rugulonu.) 

tree.     See  Seolyhu  rugulotuB.) 
larger  fir-tree.    (See  Hplesinut  granubUuM.) 
western  hemlock.    (See  Hple$iniu  n.  sp.) 

maggot,  Alpine  fir , 

hemlock.    (See  Ckdiogia  ala$1ufuit.) 
lowland  fir.    (See  Chelloiia  koodianut.) 

Sitka  8|xuoe. 

yellow  i^ne,  h^ury  to  Pinua  ponderota  and  P.  muT- 


86,  rev. 
36,  rev. 

41 
60 
26 


80 
80 
80 
80 
80 
94 
94 
94 
89,  rev.  2 
94 

30,  rev.  2 
94 
98 


ll,rev. 
97 
96 
15 
97 

61,  rev. 
99 
99 
99 
99 
99 

99 
99 
99 

9 
17 
64 

9 
92 


Barley,  food  plant  of  AjMa  maUia 

{Ceeidompia)  MapetMa  dettrudof.. 

ToiopUtu  gntninun 

little.    (See  Hordewn  ptuiUum.) 

Barriers  against  fruit-tree  bark-beetle 

round-headed  apple-tree  borer 


Basket  worm.    (See  Barworm.)' 

BuM$u»  IxUaorUUf  parasite  of  syrphus  flies  that  prey  upon  Macro- 

Hpkumpiti 

Bean  fly,  colloquial  name  for  Pegomya  fiuciceps 

food  plant  of  Alevrodea  vaporariorum 

ApkiagotmU 

Ceresa  buoalut 

Diabrotka  l$-punctata 

Umgkomis , 

vUtata 

Maerodactylui  aubtpinonu , 

Pegompanueieept 

Tetnnfehua  gloveri 

Beans  as  tnp  plants  against  striped  cucumber  beetle 

Bedbug  (CtotcxiecftOarHM),  circular 

hydroc^ranio^uiid  gas  as  remedy 


prey  of  cockroaches.. 

probable  prey  of  Scutigera  fcrcepi. . 

remedies 


61 


61 

61 
86 

12,  rev. 
70 
86 

93,  rev. 

29,  rev. 
82,  rev.  3 


43,ed.2 

63,  ed.  2 

57 

80 

23 

50 

69 

31,  rev.  2 

11,  rev. 

63,ed.2 

65 

31,  rev.  2 

47,  rev. 

46,  rev. 
61,  rev. 

4S 

47,  rev. 


4 
4 
8 

1 

6 

8-9 


6 
6 
6 
6 
6 
1 
3 
8 
4 
1-4 

2 

1 
6 


4 

1-10 

1 

3,4 

8-10 

7 

12,14-15 

14-16 

1* 

16 

2-4,6-6 

6,9-12 

2,4-6 

6,9-12 

4 

8 

8-4 

2,3 

1^ 


1-11 


10,13 


2-4,8.9(/, 
6-7,9'(W) 


1-6 


9,10 


9,10 

0 
2 

1 

7 

4 

2,6 

7 
6 


5 

1 

2 

6 

4 

3,4 

7 

2 

2 

1 

3 

6-6 

1-8 

1,2 

5 


1-3 
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98 

2 

64 

2 

32,  rev.  3 

10 

79 

3-4 

3«,rev. 

5 

79 

1-6 

80 

1 

80 

5 

59 

3 

63,ed.2 

2 

9 

2 

35 

8 

80 

5 

41 

1 

87 

8 

47,  rev. 

7 

5,  rev. 

3 

36,  rev. 

6 

19,  ed.  2 

4 

13 

4 

55 

4 

88 

2 

11,  rev. 

2 

69 

3 

32,  rev.  3 

10 

3 

6 

9 

2 

59 

5 

84 

14 

47,  rev. 

3 

40 

1 

35 

1 

71,  rev. 

1 

80 

5 

51,  rev. 

1 

21,  rev. 

2 

11,  rev. 

4 

84 

4 

29,  rev. 

5 

36,  rev. 

5 

66,  rev. 

6 

51,  rev. 

3,8-9 

51,  rev. 

11-14 

51,  rev. 

3,7,^10 

51,  rev. 

11-14 

20,  rev. 

1 

99 

2 

59 

7 

87 

3 

35 

2 

71,  rev. 

2 

98 

6 

54 

4 

47,  rev. 

2 

51,  rev. 

3 

70 

12-13 

21,  rev 

7 

51,  rev. 

4-5 

46,  rev. 

1 

50,  rev. 

4,5 

51,  rev. 

4-5 

49 

1,2 

91 

1-3 

34,  rev. 

4 

89 

4 

21,  rev. 

8 

31,  rev.  2 

6-7 

11,  rev. 

3 

21,  rev. 

8,9 

98 

8 

50 

5 

Figure. 


Beech,  food  plant  of  Malacotoma  americana 

Pulvinaria  innumerabiUs 

probable  food  plant  of  Chrysobothria  femorata 

Bee-escape  treatment  against  American  and  Eiuropean  foul  broods. . 

Beef  meal,  infestation  by  Tineola  bitelliella 

Bees,  brood  diseases,  circular 

feeding  upon  honeydew  from  aphides 

Beet ,  food  plant  otAvhia  gossypii 

Dtabrmca  li-mincUita 

Pegompaftuacepa 

Beetles,  enemies  of  canker-worms 

predaceous  on  house-fly  larvae 

Begonia,  food  plant  of  Aphis  ffo$9yrpii 

Belgium,  laws  relative  to  importation  of  American  plants,  trees, 

and  fruits 

Belladonna,  food  plant  of  Leptinotarsa  decemliruata 

Benzine  agahist  bedbug 

carpet  beetle 

clothes  moths 

clover  mite 

fleas 

powder-post  beetles 

Benzoin  bemoin,  lood  plant  of  Eulecanium  niffrofasciatum 

Bergamot,  wild.    (See  Monarda  fistulota.) 

Berries,  food  plants  of  Macrodactvlut  tubspinogus 

Bicarbimate  of  soda.    (See  Soda.) 

Bidens,  food  plant  of  Viabrotica  tt-jmncUHa 

Birch,  white,  probable  food  plant  of  Chryaobothrii  femorala 

Birds  as  disseminators  of  San  Jose  scale 

enemies  of  canker-worms 

Diabrotiea  if^punctaia 

grasshoppers 

hosts  of  Cimex  spp 

malaria  thereof  carried  by  mosquitoes 

Bisulphid  of  carbon.    (See  Carbon  bisulphid.) 

Biting  habit  of  Stomoxya  calcitrana 

Black  aphis,  colloquial  name  for  Aphis  gotsypii 

beetle,  colloauial  name  for  Blatta  orientalis 

Blackberry,  food  plant  otAnthonomus  siffnatus 

Macrodactplua  subspinosua 

Blackbirds,  enemies  of  grasshoppers 

Black  knot.    (See  PUncriffhtia  morbasa.) 

Blactufuacipea,  parasite  oiScolytus  rugulotut 

Blankets,  horse,  food  of  Trichophoffa  tapetzeUa 

Blarina  brevicauda,  probable  enemy  of  Isotoma  tritici 

Blatta  orientaUs,  general  account 

remedies 

BlatteUa  germanica,  general  account. 

remedies 

"  Blight,  American^"  foreign  name  for  woolly  aphis  of  apple 

«  Blights,"  colloquial  name  for  work  of  chesmut  weevil  iarv» 

food  of  Diabrotiea  lonaicomis 

Blister  beetle,  striped.    (See  Epicauta  vittala.) 

beetles,  the  "old-fashioned  potato  bugs" 

Blowfly,  common  name  for  QiUiphofu  eryihToeephaia 

Blueberry.    (See  Vaccinium  sp.) 

Bluebottle  fly.    (See  Oatth>hora  erythrocephala  and  LuciUa  cmtar.) 

smalL    (See  Phormia  Urrxnovx,) 
Blue-grass,  Kentucky.    (See  Poa  pratensis.) 

Bluejay,  enemy  of  Malaeoaoma  americana 

Boards,  barrier  against  peach-tree  borer 

Boats,  Infestation  by  Ctmfx  Uctulariua 

cockroaches 

Bobwhite.    (See  Quail.) 

Baotomus  twapterua,  parasite  of  Mayetiola  deatntctor 

Boll  weevil.    (See  Weevil,  Mexican  cotton-boll. ) 

Bone,  dissolved,  Ineffective  against  strawberry  weevil 

Book  bindings  and  paste  eaten  by  cockroaches 

lice,  hydrocyanic-acid  gas  as  remedy 

Books,  destruction  bv  Termea  flavipea 

injury  by  cockroaches 

Lepiama  aacebarina ' 

BoophUua  annulatua  on  sheep,  circular 

Borax  and  sugar  against  ants 

Bordeaux  mixture  against  periodical  cicada 

strawberry  weevil 

and  arsenate  of  1^  against  fungous  diseases  and 
N  striped  cucumber 

beetle 

rose-chafer 

st^wberry  weevil. . 

araenicals  against  apple-tree  tent  caterpillar. 

southern  com  root-worm. . 
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Boideaox  mixture  and  kerosene  emulsion  against  pear-tree  psylla. . 

Paris  green  attinst  strawberry  weevil 

Borer,  flat4ieaded  apple-tree.    (See  ChrftobahrU  femarata.) 

peach-tree.    (8w  Sannina  exUioM.) 

round-headed  apple-tree.    (See  Saperda  Candida.) 

spotted  apple-tree.    (See  Saperda  eretata.) 

squash-v&e.    (See  Memia  wtr*n^ormit.) 
'Boi'enP,  cnlloqTiial  name  for  chesTtnut  weevil  larvm. 

7 
21,  rev. 

99 
82 
25 

32,  rev.  3 
28 
64 
97 
87 
21,  rev. 

32,  rev.  3 
98 

32,  rev.  3 

60 

84 

60,  rev. 

19,  ed.  2 
55 

41 
10 

51,  rev. 
70 
85 

93,  rev. 

85 

/             85 

79 

79 
86 

60 

09 

43,  ed.2 

43,  ed.2 

87 

/             ^ 
\     93,  rev. 

19,  ed.2 

19,  ed.  2 

59 

25 

50,  rev. 
60 
88 

75,  rev.  2 

61 

29,  rev. 

96 

/              56 

\     95,  rev. 

16 

93,  rev. 

{    ''■'16 

39,  rev.  2 
99 

60 

60 

D 

8 

2 
1-3 

1-3 

10 
11 
11 

5 

5 
2 

7-9 
9 

7-8 

8^ 
12 
6 
19 

1-4 
4 
2 

1 

1,2 

1,2 

2 

1-9 

1-10 

7 

7-8 

3 

5 

3 

19 

3-4 

14 

5 

3-4 

5 

11 

1 
gitized  by  Vd 

pin.  injurv  to  girdled  cypress 

Bot-fly  'iMrfloqnfaf  name  'or  Hfpoderma  Un«tta 

Box  elder,  fotxl  plant  of  ChrysobothTiUfemoraia 

Thyridopteriix  ephenuTMforif^ 

Braehifmu  kan»anu8,  enemy  of  Levniutarsa  deeemlinedta 

ehanUf  parasite  of  Chrysobothrit  femorata 

peettfuttbr.  parasite  of  ChrytoboUiTUfemoraia 

Bran  mash  and  Paris  green  against  imported  cabbage  worm 

poisoned,  against  grasshoppers .". 

Bridges,  destruction  bv  white  ant9...V. 

Brimstone  (see  also  Sulphur). 

egaingt  clover  mite. .      ... 

Brhn*  against  powder-post  beetieSx  XX    .    .  ....    .  .  

British  Colum!)ia,  laws  relative  to  importetion  of  American  plants, 
fa***,  and  fmlts. . .                                         ...  .  

BTodffitflirn,  fiwipritsh  name  for  BUfUn  ffrifntaUt 

Bromus,  fbod  plant  of  Mayetiola  detbnietar  or  related  species 

hordeaeetUf  food  plant  of  J^uoptera  graminum 

porteri.  food  plant  of  ToxopUra  graminum 

posslbte  ffMvfniftnt.  of  ToxhDttfu  oratninufn. ..               .... 

sn.,  filvyl  plant  of  Tnrnrilfrn  oraminum. 

Brood,  American  foul.    (^  Foul  brood.  American.) 

chilled,  overiieated,  or  starved,  of  bees 

European  foul.    (See  Foul  brood,  European.) 

Broom  com,  food  plfoitof  Aphitrniudis 

Brown-tan  moth.    (See  Euproetis  chrftorrhaa.) 
BmduyphagiufmidfrU  (see  also  Clover^seed  ohalcis). 

general  accoimt 

5-8 

remedies... 

Bmsh  and  cultivator  method  asninst  nea  anhis 

pan  method  against  pea  aphis 

Brushing  against  Colorado  potaio  beetle 

"green  bug" 

BrfoMa  pntentit,  droular 

i 

remedies 

tobacco.    iBe^Chhrideav^etceniaDdHdioMsoboaeta.) 
Buffalo,  hof?t  of  Hvpoderma  Untata.                          .....     ...    ... 

treeiomw.    {See  Ceretabtibalw,) 
Buhach.    (See  Pyrethrum.) 
Bni|diTira ,  dwtniction  by  white  ants 

Bumblebee,  agent  in  pollixiation  of  red  clover 

Bnmdia.  food  nlant  of  Euleeanium  niarofaaekUum 

Burdock.    (See  Arctium.) 

BuBoxss,  A.  F.,  circular,  "Requirements  to  be  Complied  with  by 
Nurserymen  or  Others  who  Make  Interstate  Shipments  of  Nursery 
Stock". .               

BiTBKX,  H.  E.,  circular,^  "Black  Check  in  Western  Hemlock" 

BurliiD  harriers  aeainst  fruit-tree  bark-beetle                 

1-5 

Bumniff  acainst  appl^tree  tent  catemillar 

boll  weevil , 

com  stalk-borer 

"sreenbuf" 

. 

HeRTian  f^y 

join^worm                           .                  

nowder-Dost  beetles. 

squash  bug 

BiirviTi^  of  nuts  in* soil  aminst  chestnut  weevils. . 

Butt^y,  cabbage.    (See  Pontia  ropa;.) 

rane.  collonuial  name  for  Poniia  niM. 

white,  <x>11oquiai  name  for  PonUa  rapte. ... 

BottoDweed.    (l^DiofUa.) 

loogle 
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Cabbage  aphis.    (Bw  Aphis  bnukx.) 

bus,  harlequin.    (See  Mwgantia  hittrionka.) 
butterfly.    (See  Pontia  rape.) 

southern.    (See  JPonHa  jnrotodke.) 

ftxxl  plant  of  ilpfcfo&fOMiec 

Dhbrdtiea  IB^netata 

LepUnotana  aecemlineaia 

Murgantia  kistrionka 

Peffomya  braukm 

futcicept 

Pontiaprotodiee 

fap^. , 

hairwonn,  (See  Mennis  albicafu.) 
looper.  (See  Autoffrapha  brasukz.} 
mappot,    (Sea  Ma^ot^  tabh^e,  and  Hjiggot,  radish.) 

rattli^'makft,  CEjJloqiibl  daums  far  Afmtti^  dtbieam , 

snake,  eolloqulai  canje  fot"  Mcrmtn  sibicam 

Worm,  c'ChUoqnIaJ  nnme  for  Mfrmii  albicatu ! 

1  mport  ed ,    { S  w  Pfmtm  Tapx) 
sou  L  hem .    ( Sc^s  PmiHa  pToffntke.) 
*< Calico  back/"    (Bvii  MuTQnntia  hdnrionica.} 
California,  requirpments  MnUve  lo  shipment  ofnmsery  stock , 

OattipKora  ervthrocephala  in  houses,  habits , 

Caiomima  ealidum,  enemy  of  LevUnotarta  deeenUineata , 

teruttttor,  enemy  of  Malacoaoma  amerieana 

OapptuttlMator.    (See  aigalpkut  Ulriator.) 

Oimnttte  pellKdda,  circular 

destructive  to  erain  and  grass  crops,  but  little 

ii^urious  to  aUalfii 

remedies 

Camjihor  against  ants , 

clothes  moths 

as  remedy  for  "  chiggers  " 

Canada,  laws  relative  to  importation  of  American  plants,  trees,  and 

fruits 

shipment  of  nursery  stock 

Canker-worm,  fall.    (See  A  nitopteryx  pometaria. ) 
spring.    (See  Pattaenta  venuUa,) 

Canker-worms,  circular 

remedies 

(>anna,  food  plant  of  Diabrotica  li^punctata 

(Cannibalism  among  cockroaches ,  probab  ili ty 

larve  of  Piuode*  ttrcbi 

white  ants - . 

Cantaloupe  (see  also  (Xicurbits,  Melons,  and  Muskmelon). 
rood  plant  of  Diabfotka  It-punctata 


louse,  colloquial  name  for  Aphis  gouypii 

Cmm  of  (}ood  Hope,  laws  relative  to  importation  of  American  plants, 

vees,  and  fruits 

Carbolic  acid  against  ox  warble 

periodical  cicada,  ineffective 

strawberry  weevil 

as  remedy  for  "chiggers" 

and  kerosene  against  common  hen  louse 

lime  against  common  hen  louse 

oils  against  ox  warble 

soap  against  fruit-tree  bark-beetle 

peach-tree  borer 

roimd-headed  apple-tree  borer 

whitewash  against  chicken  mite 

emulsion  against  cabbage  maggot 

seed-corn  maggot 

of  no  value  against  locust  borer 

soap,  Paris  green,  lime,  and  clay  against  peach-tree 

borer 

Carbon  blsulphid  against  ants 

cabbage  maggot 

carpet  beetle 

chestnut  weevils 

cockroaches 

imported  onion  maggot 

Uttieredant 

melon  aphis 

peach-tree  borer 

pecan  weevil,  possible  utility 

soft-bodied  insect  pests  of  cucurbits 

subterranean  insects 

woolly  aphis 

(Cardinal,  enemy  of  LepUnoUana  dteemlineata ^ 


80 
59 
87 
10 
63,ed.3 
63,ed.3 
60 
60 


62,  rev. 
62, rev. 
62,  rev. 


76.  rev.  2 

35 

71,  rev. 

87 
88 


84 
53 

34,  rev. 

36,  rev. 
77 

41 
75,  rev.  2 


9 
9 

59 
51,  rev. 

90 

50,  rev. 

59 

81,  rev.  2 

80 

41 

25 

80 

21,  rev. 

77 

92 

92 

25 

29,  rev. 

17 

32,  rev.  8 

92 

63,ed.2 

63,ed.2 
83 
17 
54 

34,  rev. 

63,ed.2 

6,  rev. 

99 

51,  rev. 
63,ed.  2 

34,  rev. 
80 
54 
99 
80 
1 


20, 


15 
3 
8 
1-2 
3 
2 
3 
4 


2 


1-3 
1 

4 

6 
6 


1-4 
2-3,3-4 
3 
4 
7 
4 

3 
2 
5 

2 

0 
4 
8 
6 
6 
6 
8 
7 
3 
6 
3 
4 
2 
6 
4 
4 
4 
5 
4 
10 
13 
7 
2 
9 
5 
15 
16 
5 
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CamaUons,  ruinimtkm  wtth  bydrocyanio-acid  gas 

Caipet  beetle.   (Jaee  Antkrenut  tenpkuUtrim.) 
black.    (Qe^  AUoffenut  pkeut.) 
motbs.    (See  Moths,  clothes.) 

CBipels,  lood  ot  Antkrenus  9cnphularix 

THteapelliomm 

Tridioph§0ii  UtpetzcUa 

reported  injury  by  LepUma  micekarina 

Oirpoo8)Mapoiiiofi6ua,iio6tof  Mermit  alMeant 

Oairion,  breeding  place  of  JfiMcadomeseica 

Cbtelpa  ft^mmtoide*.  food  plant  of  CvraUmia  catalpm 

eastern.    (See  ClBls2i»ft<^»onioidM.) 

hardy  or  western.    (See  Catalpa  apedota.) 

«pedoM,  food  plant  of  Centomia  eataljm 

sphinx.    (See  Oeratomia  aUaipm,) 
Catbird,  enemy  of  CenUomh  ocUalp» 

Caterpfliar  lime,    ^m  Rirap^eim  and  Dendrolene.) 

Oat,  Iwst  of  PuUx  9emtkep$ 

Catobtoeiu  arUhonomi,  parasite  of  Anthonorwu  tignatiu 

hieertiUf  parasite  of  A  rUhonomuM  9iffnatu9 

Cattle,  host  of  Hypotf^rflta  6od»  and  Hypoierma  Unesia 

Cavdell,  Andrew  N..  Currie,  Rolla  P..  and,  circular,  "An  In- 

dex  to  Circulars  1  to  100  of  (be  Bureau  of  Entomology  " 

Cauliflower,  food  plant  of  2>fofrrol<o(il;9-p«nc<ato 

Pcifomjfa  hramiem 

Pontiarapm 

Caustic  potash  and  soi^  against  round-headed  applcKtrae  borer 

Oeanothus,  food  plant  of  DMrotka  It-punetata 

CtddoiBfia  dettruetor  (see  also  Mayetiota  dettructor). 

circular 

—  MavetioUi  destruttor 

remedies 

Ugununkola.    (See  Clover-flower  midge.) 

Cedar  against  dothes  moths 

CUolorte  diabiniiat,  parasite  of  Diatmttka  lijmneUUa 

CenoealHu  popuUUor,  parasite  of  Saperda  e&ndid* 

Centipede,  house  (Seutiffera  forceps),  circular 

enemy  of  house  fly 

remedies 

r«ra/oiiiia  oololpe,  circular 

remedies. 

Cereal  products,  food  of  ooackroadies 

OfreM  MtteZiu,  general  account 

remedies 

Ctreia  etmadensU.  food  plant  of  Anthonomut  8ii;wUu» 

ekinefuit,  food  plant  of  CftrywteArif /morSto 

jmponiea^CeTei$  ekinemU 

Cbaitophoms 

Chalcididap,  parasites  of  CknfsoboikrU  femorata 

Chalds  fly ,  enemy  of  canker-worms 

OMila,  parasite  of  ThtftidopUrpx  epktitura^jrmis 

CkeiloHa  aUukertsU,  cause  of ''black  check "  hi  western  hemlock... . 

remedies 

koodiamu.  injury  to  lowland  fir 

Chenopodium  Jbod  plant  of  A  phi»  gotwfpii 

Cherry,  black  Tartarian,  not  infested  by  Awpidiotua  penUeiotui 

food  plant  of  BryoUa  pni/«iwi« 

Oonotnaielui  lunupkar 

Dktbntka  It-jmnctata 

vUtata 

Erioeampolde*  limaehM 

Euleemtium  nigrofaadatum 

Muctodaetplut  9ub8p(no8U8 

Sannina  exUhsa 

Seolytuaruaulonu 

ground.    (See  PhysalisJ 

probftble  food  plant  of  CkrifiobothrU  femorata 

wild,  food  plant  of  Mdlaeosoma  amerieana 

Cbeas,  soft    (See  Bfomus  kordtaceut.) 

Chestnot  borer,  two4ined.    (See  Agrtlus  bilituahu,) 

food  plant  of  Baianinus  probotddeut 

reetua 

ChnsoboOrUfemonUa 

weevil,  larger.    (Bee  B^ninut  pnbotddeut,) 
lesser.    (See  BaUnUnus  rectut.) 

weevils,  general  account 

remedies 

4844<»--Cir.  100—11 3 


37,  rev.  2 


6,  rev. 
86,  rev. 
36,  rev. 

40 
62,  rev. 

36 
71,  rev. 

96 


96 

96 
84 

18 
21,  rev. 
21,  rev. 

26 

100 
59 

03,ed.  2 
60 

82,  rev.  3 
59 

12,  rev. 

70 

12,  rev. 

36,  rev. 
59 

31,  rev.  2 

32,  rev.  3 

48 

35 

71,  rev. 

48 

96 

96 

61,  rev. 

23 

23 

21,  rev. 

32,  rev.  3 

32.  rov.  3 

93,  rev. 

32,  rev.  3 

9 

97 

61 

61 

61 

80 

3 

19 

73 

59 

31,  rev.  2 

96 
88 

11,  rev. 
17 
54 

29,  rev. 

32,  rev.  3 


90 
32, rev.  3 


1 

3 

5 

2 

3 

5 

3 

1 

1 

6 

*■ 

4 

3-4 

4 

4 

1-10 

-ii,  1-49 

3 

3 

4 

6 

3 

1-4 

1 
3-4 

r 

6 

5 
4 

2 

5 

1-4 
8 

1-2 

9 

4 

9 

1-7 
ft-7 

1-2 

4 

1-4 

4 

1-2 

2 

10 

10 

17 

11 

2 

7 
2-8 
8,10 

9 
1-5 

8-9,10 

5 

1 

2 

4,5 

3 

2 

1.3 

2 

? 

1 

1-2 

2 

10 

2 

2 

2 

9 

1-12 

*-12 
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08 

00 
73 

84 
80 
77 
77 
77 

80 
87 
64 
70 
87 

47,  rev. 
00 

47,  rev. 

37,  rev.  2 
20,  rev. 

77 

63.ed.2 
62,  rev. 

87 

43 

20,  rev. 

60 
32,  rev.  3 

80 
00 

43,ed.2 

11,  rev. 

38,  rev.  2 

21,  rev. 
31,  rev.  2 

24,  rev. 

07 

06 

68 

(             86 

\    71,  rev. 

63,ed.2 

31,  rev.  2 

32,  rev.  3 

57 

50 

32,  rev.  3 

32,  rev.  3 

80 

80 

65 

80 

80 

81 

80 

43,ed.2 

7 

80 

45 
32 
90 

6 

14 
7 

4 

5 

1-6 

1 
6 

6 
10 
8 
1 

11 
2 
4 
2 
2 
6 
1-6 

1-7 
1-6 

1-15 

1-6 
1^ 

1-8 

1^ 

1-8 
1-11 

1-16 
1-16 

1-10 

1-14 

1-6 

MO 

1-8 

1-7 

1-10 

1-7 
3-4 
6 
6 
3 
2 
3 
2 
3 
8-11 
11 
6 
6 
3 
6 
6 
8 
6 
6 
6-7 
6 

1-8 
1-4 
1-3 

Chicken  (see  also'Poultry  and  Fowls.) 

enemy  of  Balaniwu  caryx 

Conotroehdus  nenuphaT 

mite.    (See  Dermanvtttu  gaUinK. ) 
tick.    iSeeArffatmfniatw.) 
f^ickfllM.  Pre'rlf^.  ftTifttnifta  of  flTfii«honnArs 

Chickweed .  food  plant  of  A  vhit  aostyvii 

"nwSw??"o«rSo<r^^ 

1-3 

collociiiiAi  TiATnA  for  harvest  ip  it4M? 

eradication  to  the  field 

Chiffoe.    (See  SareoptfUa  penetrant.) 

ChUoeOTUt  bimUnerua  enAmv  of  Ankis  oossmHi 

Leptinotarda  decemlineata 

PuMnaria  innumerabilis 

Chfaich  bug  (Blistus  leucoptenu),  a  wheat  pest  to  the  United  States, 
prey  of  bobwhite  or  quail 

ooUoQuial  name  for  C(mexlectulatiu$ 

ChlnqnfipiTi,  '^ood  plant  of  Bl^^^ninw^  prob^ff^fft* - 

"r!htntze."  ooiloQufal  name  for  fYfnflc/fvfttforittf 

4 

"Root  Maggots  and  How  to  Control 
Them" , 

l-« 

1^ 

"TheCabbage  Hair-worm" 

"The Colorado  Potato  Beetle  (LepH- 
notana  decemlineata  L.)  " 

1 
1-6 

"The  Common  Squash  Bug  (Anaw 
MttisDeQ.y* 

1-8 

"The  Com  Root-worms" 

1-3 

"The  Destructive  Green  Pea  Louse 
"  The  Fruft-tree  Bark-beeUe  (Sadptue 

1-3 
1-6 

"  The  Imported  Cabbage  Worm  ( Pon- 
tiff rapte  JAnn.)" 

1-6 

"  The  larger  Apple-tree  Borers  " 

"The  M^on  Aphis  (Aphis  gotsrpii 

Glov.)" 

"The  Nut  Weevils" 

1-3 

1-6 
1-14 

"The  Pea  Aphis  (Macroeiphum  pisi 

Kalt.)".......... 

"  The  RowHjhafer  ( Maendactylut  tub- 

»p<wo«MFab.)" 

"The  Squash-vfae   Borer   {MeliUia 

•o^Hn^omtoHbn.)" 

"The  Strawberry  WeevU  (Anthono- 

mu8  tignaiw  Say)" 

1-7 

I 

1-2 

1-6 

"The  Striped  Cucumber  BeeUe  (Dia- 
bntioa  vitiata  Fab.)" 

1-2 

"The    Two-ltoed    Chestnut    Borer 
(Agrilut  bmneatus  Weber) " 

1 

Howard,  L.  0.,  and,  circular,  "The  B^worm 

ephemeratfor- 
nrit  Haw.)".,. 
"The     Catalpa 
Sphinx  (Cera- 

Bdv.)"....?^. 
c^lUorJdMrirciCtffu.  Paris  sreen  as  remedv                       

1-11 
1-2 

rhiorM  of  ihnA^igAlnsthons^e  files                                

T>otaflh  aealnst  need-corn  ma£?ot 

BaDerda  Candida                                    ... 

Chrysanthemum,  food  plant  ot  Aleyrodet  rAjtoroHorvt n* .,..,...,. 

DiabroHca  lil-punctata 

Chrftoboihritfefnorata,  general  account ^ 

3 

Ckrftopa  olbicomis,  enemy  oi  Aphit  ffoseppU 

atUnuata'j  enemy  bt  Aphit  gofSfpU 

larvsB,  enemies  of  Tetranpmut  tfloteri 

Uneatkond»,vD«mYfAAiihi»aouvfAi.  .  .              

ninioomit.  enemy  otAvkia  aostwii 

ocKSS/«nOT?y?f<^^ 

8 

Xphit  ifouHpU 

iiScrtiiphwnpiH 

3 

PtpUa  pvrieola. 

broods,  circular 

to  1807,  circular 

1806,oiicalar 
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Onda,  periodical  {TUricen  uplenieeim)  in  1902,  circular 

44 
74 
89 
44 
44 
74 

22 

30 

22 

30 
74 
89 

37,  rev.  2 

100 

37,  rev.  2 

57 

29,  rev. 
29,  rev. 

78 
78 
78 

49 
67 
60 
50 
43,ed.2 
60 
60 

69 

69 
80 
19,ed.2 
59 
59 

67 

69 
60 
67 
43.ed.2 
69 

69 

4 

92 
92 

36 
80 
87 
43.ed.2 
20,  rev. 
85 

87 
43,ed.2 
85 
64 
64 
88 

1-4 
1-5 
1-4 
1-8 
2 
1-4 

2-3 

3-4 

1-2 
4-5 
2-4 

3 

1-11,1-40 
3 

4 
6 
4 
4 
4 
6 
6 
6 
5-6 
1 

1,2 

3 

8 

3 

3,4 

3-7 

6-7 

2 

1-2 

5 

1,2,4 

3 

7 

3 

8 
5 

3-4 
4 

1-9 

2 

1 

4 
3 

4 
6,7 
10 
5 
6 
5 

10 
6 
5 

4 

gitized  by  VJ 

1-2 

1906^  circular 

1-3 

1907,  circular 

1-3 

17-year  brood  X.  1902 

Xtl903 

XIV,  1906. . . 

1914 

XVn    (Ri- 

13.year  brood  VI  (Riley), 
1910 

^l^iSi 

XVIII 

XIX,  1907... 
teptendetim.   (See  Cicada,  periodical.) 
€idiorium  inhrinu,  fomigation  witn  hydrocyanic-acid  eaA 

2 

CimnUetuktfhu.'  (SwrBedbug.)     ' 

Cinrnlan  of  the  BnnmMi  of  RntoinAiogy,  in^Ax  to  t^09.  ItolOO 

Cbnu  iiteolor,  ftnnisation  with  hvdrocyanio-acld  gas 

C^na,  food  piBatsdAlevrodeaciiri...' T 

Cby  aioid  cow  manure  against  two-lined  chestnut  borer 

'  Itme,  ^arls  gn!tftfi"90Ap,  ^nd  oftrholic  o<>id  api^in^t  p^wch-tree 

borer .'. 

Cleome,  food  plant  of  Pon/to  rape 

nivhw  imprtwtffnmg,  ^infulKr .' ' .,.     , 

1-2 

reniediett. . . .  ^ .  ^ . . 

pianieotUa,  habitat.. 

motha.    (See  Moths,  clothes.) 
Clothing,  starred,  eaten  by  Lepisma  taeeharina 



Diabntiea  IS-punetata 



MaetotlpkumpM 

flower  midge  (Datfneura  ltfuminieom)f  general  account 

remedies 

2-4 

work  in  relation  to 
that  of  clover-seed 
chalcis 

work  in  relation  to 
thatofPAyfonomiw 
pundatut 

l6odphuitofilpM«0OMyp<< .*; 

DMntka  ii-pmnetata 

mite.    (SteBnobkipnieniU.j 
red  (see  also  T^foUum  praUme). 

food  plant  01  Bruehophagutfundfri* 

DutifneuraUpuminieola 

nwwkiwu  ooteunu 

insects  afloctinff  production  of  seed,  circular 

1-8 

root-borer.    (See  Hpia9tinv»  obteurw.) 
seed  chalcis  (see  also  BrvehophagntfunebrU). 

work  in  relation  to  that  of  clover-flower  midge . . 

seldom  or  never  eaten  by  Leueania  unipuncta " . 

nusterfly.    (See  PoflnMa  nwf^:) 

CnemidoeopUt  gatHnm,  parasite  of  chickens 

mviam,  cause  of  "acaly-leg  "  in  chickens 

roaloQ.    (See  Kerosene.) 

Cobwebs,  food  of  Tiiuola  bUemOhi 

OtedfulU  9^mtlata,  enemy  of  ApkU  goit^i 

Z,f,g 

LtptifMaTM  dioceniHnffUa 

Maerorijaium  pM 

Sdrizoneura  ton^rro 

ToxopUra  granUnum 

enemy  of  LtpHnotarsa  aeeemUne&Ui 

iiaentij^mpiti 

ToxopUra  graminum 

UmnU,  parMite  of  PWdnaris  innumenbtHt 

roogle 
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CocUebur,  food  plant  of  Euthript  nicoUarut 

Cockroach,  American.    (See  Periplaneta  americana.) 

Australian.    (See  Pertplantta  atutraUuiM.) 

black.    iSeeBlattaorientaUs.) 

German.    (See  BUUUUa  germttniea.) 

oriental.    (See  BUUta  oritnUUu.) 
Cockroaches,  circular 

enemies  of  bedbug 

hydrocyanio^tfid  gas  as  remedy 

prey  of  Scutigera  forceps 

remedies 

Codling  moth  ( Carpoeapta  pomontUa),  arsanicals  as  insecticides 

quarantine  regulations  of  New 
Zealand  against  introduc- 
tion  

CoLCORD,  Mabel,  circular,  ''List  of  Publications  of  the  Bureau  of 

Entomology,"  rev.  to  Feb.  1, 1910 

Cold .    ( See  Temperature  and  Weather. ) 

storage  against  black  carpet  beetle 

clothes  moths 

chestnut  weevils 

Coleus,  food  plant  otAUvrodes  mporariorum 

Ortheva  in*ii;nU 

fumigation  with  hydrocyanic-acid  gas 

Collodion,  remedy  for  "chlggers" 

Colorado,  requirements  relative  to  shipment  of  nursery  stock 

Comy»fu9caf  parasite  of  Pulviniria  innumnabilU ^ 

Connecticut,  requirements  relative  to  shipment  of  nursery  stock 

ConotrachdiU  nenuphar.    (See  Curcullo,  plum.) 

Contarinia  spp.,  enemies  of  Aphit  gotippCi 

Cooperation  against  catalpa  sphinx 

chestnut  weevils 

Colorado  potato  beetle « 

grasshoppers 

Copper  compounds  ineffective  against  rose-chafer 

CoQTJiLLETT,  D.  W.,  circular,  "Canker-worms " 

"Synoptic  Tables  of  the  North  American  Mos- 
quitoes " 

Com,  food  plant  of  Apht*  maidi-radieis 

maidii 

Diabrotica  li-punctala 

lofigicomia 

vUtata 

Diatrtn  »aecharaii$  [com  stalk-borerl. 

LeuearUa  urUpuneta 

Maerodadiflut  ntispinons 

Pegomfanuetceps 

Tetrtmffehiu  gloveri 

Toxoptera  graminum 

leaf  aphis.    (See  A  phia  maidis. ) 

meal  against  imported  cabbage  worm 

and  Paris  green  against  tobacco  budworms 

root  aphis.    (See  Aphi»  maidi-radicia.) 

worm,  Southern.    (See  Diabrotica  Ji-punctata.) 

Western  or  Northem.  ( See  Diabrotica  Umgicomii. ) 

worms,  circular 

remedies 

seed  eaten  by  CUiina  itnprestifrons 

treatment  before  planting  to  repel  com  root-aphis 

stalk-borer,  larger.    (See  Diatrsea  saccharalia.) 

Corous,  food  plant  oiAphia  aoasvpii 

Corrosive  soblimate  against  bedbug 

clothes  moths 

Cosmos,  food  plant  of  Diabrotica  12-punctata 

Cotton  aphis.    (See  Aphiagotippii.) 

Cotton  boll  weevil.    (See  Weevil,  Mexican  cotton-boll.) 

food  plant  of  Anihonomua  grandia 

Aphia  goaagpii 

I>tabrotiea  le-punctata 

Umgicornia 

Tetranfchna  gloveri 

red  spider.    (See  Tetranpaiua  aloveri.) 

seed,  infestation  by  boll  weevil 

3,  early  fall  destruction  against  boll  weevil 
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47,  rev. 
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Cotton,  vohmteer  or  seppa,  and  the  boU  weevil 

Cottonwood  (see  also  Poplar,  Carolina). 

A  nd^  sp.  under  bark  of  dead  tree 

injury  by  Cereta  bubaiiu 

Obtrea  sekaumii  ibllowing  work  of  Cerem  ftt»- 

balui 

location  of  eggs  of  Brwbia  pratentis 

possible  host  tree  of  Chrptobothrii  femorata 

Covering  the  plants  against  squash  bug 

strawberry  weevil , 

young  plants  against  stripedoucumber  beetle 

Cowbird,  enemy  of  grasshoppers 

Cow  manure  and  clay  ualnst  two-lined  chestnut  borer 

Cowpea,  food  plant  of  TetravMchut  gloveri 

Crab  apple.    (See  Apple,  crab.) 

CntMgui  oxfaeatUha,  food  plant  of  AphU  mali 

«orW 

spp.,  food  plants  of  Eulecanium  tUgn/ageiatum 

Creosote  against  fruit-tree  bark-boetle 

two-lined  chestnut  borer 

white  ants 

Criddle  mixture  against  grasshoppers 

Crop  rotation  against  boU  weevil 

cabbage  maggot 

com  n>ot-aphis 

stalk-borer 

Hessian  fly 

Joint-worm 

western  com  root- worm 

''Croton  bug,"  colloquial  name  for  BlaUella  germanica 

Crotons,  fumigation  with  hydrocyanic-acid  gas 

Crow,  enemy  of  LepHnotarm  deeemUneoUi 

lialacosoma  amerieava 

malarial  parasite  thereof  carried  by  mosquitoes 

Cuckoo,  enemy  of  LepHnotarn  deeeinUneaia 

black-billed,  enemy  of  MalacotoTna  amerieana 

yeUow-biUea,  enemy  of  Malacotoma  amerieana 

Cuckoos,  enemies  of  Ctratomia  catalpx 

Cucumber  (see  also  Cucurbits^ 

beetle,  striped.    {See  DiabroUea  vittata.) 

twelve-spotted.    (See  Diabrotica  12-punetata.) 

food  plant  of  Alevrodet  vaporariorum 

JHabrotioa  It-pundata 

vUUtta 

prickly.    {Soft  EddnoegitUlobata.) 

louse,  colloquial  name  for  ApihU  gossypii 

Cucurbit  Insects,  remedies 

Cucurbits  (see  also  Cantaloupe,  Cucumber,  Cymlhig,  Melons,  Musk- 
melon,  Pumpkin,  Squash,  and  Watermelon). 

food  plants  olAphit  gostvpii 

Diabrotica  lonpieomU 

Cula  oMttulattu  Osten  Sacken  probably-  Culex  eofuobrinut 

status 

W0otf,  status. 

6oir>{  probably—  Culex  pungetu 

status 

ctmiobrimu 

distinctive  characters  of  adult 

svnonyms 

eoiUerrens^Ptoropkora  dUatut 

probably—  Culez  pungeiu •. 

status. 

^OfSAomt—  CuUx  tMniorkpnehut 

distinctive  characters  of  adults 

»,  Culex  annmlatut  a  probable  synonjnn 

distinctive  characters  of  adult 

r 

distinctive  characters  of  adult 

«,  distinctive  characters  of  adult , 

synonyms , 

\tf  distinctive  characters  of  larva 

Jttiugimmu 

probably—  A  nopheles  erueiatu 

Jrater^CiUexfiuekUue , 

status 

inpatktu^Cmlexeontobrinut 
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CuUx  impiger 

distinctive  characters  of  adult 

synonyms 

implaeoMUs''  Culex  impiger 

incident"  CuUximpiger 

status 

inomatuf  CulexconwMnut 

nunckafUM  probably—  CtiUex  potticxUus 

status 

moleshu^Pwrophoraeiliaiua 

fflOMutto—  Culexfasdatiu 

mumeut"  Cukx  posticatus 

nigripea 

periurbwM 

distinctive  characters  of  adult 

ptfHmif—  CuUtconaobrinut 

pipient,  distinctive  cliaracters  of  larva 

pottictOua,  distinctive  cliaracters  of  adult 

synonyms 

provocant  probably—  Culex  stimulant 

status 

punetoT"  Culex  contobrinut 

pungent 

distinctive  characters  of  adult 

habits 

synonyms 

quinquefateiatut 

probably—  CuUx  impiger 

resting  i)osition  of  adult 

rettuant,  distinctive  characters  of  larva 

mtfidut  probably— PwwopAoro  dliatut 

status 

talinariut,  distinctive  characters  of  larva 

tigni/er 

distinctive  characters  of  adult 

toUieitant"  Culex  Ueniorhgnehut 

ttimulant,  Culex  provoeant  probably  a  synonym 

distinctive  characters 

tables  of  North  American  species,  adults 

Utniatuf^  Culex  faaciatut 

ttenHofkynchut,  adult 

distinctive  characters  of  adult 

synonyms 

tartalit 

distinctive  characters  of  adult 

larva 

territant,  distinctive  characters  of  larva 

probably—  Culexpungent 

status 

tettaeeut  probably—  Cuiex  contottrinut 

status. 

triteriatut 

distinctive  characters  of  adult 

unieoogniied  North  American  species 

Culicella  dvari.  distinctive  characters  of  larva 

Culicinffi,  aistlnctive  characters  of  larvae 

Culiteta  abtobrinut,  distinctive  characters  of  larva 

eontobrinut,  disi  inctive  characters  of  larva 

Cultural  methods  against  army  worm 

boll  weevil 

buffalo  tree-hopper 

cabbage  maggot 

catalpa  sphmx 

chestnut  weevils 

clover  flower  midge 

root-borer 

seedchalcis 

Colorado  potato  beetle 

com  root  aphis 

worm,  Southern.. 
Western... 

stalk-borer 

cotton  red  spider 

flatrheaded  apple-tree  borer. 

fruit-tree  bark-beetle 

grasshoppers 

"green  bug" 

hazelnut  weevil 


eoogle- 
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Circular 
No. 


Figure. 


Coltunl  methods  against  Hessian  fly 

imported  cabbage  worm 

ioint-worm , 

locust  borer 

melon  aphis , 

pea  aplus , 

pecan  weevil 

periodical  cicada 

plum  ourculio , 

roee-chafer 

round-headed  apple-tree  borer 

squash  bug 

vine  borer 

strawberry  weevil , 

striped  cucumber  beetle 

tobacco  thrips 

two-lined  chestnut  borer , 

yellow-winged  locust 

Curculio,  plum  (Conotra^elut  nenupkar), araenicals  as  insecticides. . 

circular 

remedies 

Currant,  ibod  plant  of  Chrwobotkritfemorata 

Puwinaria  innutnerabiUi 

CvRRis,  RoLLA  P.,  and  Andrew  N.  Caudbll,  circular,  "An  in- 
-     dea  to  Circulars  1  to  100  of  the  Bureau  of  Entomology" 

Curtains,  starched,  eaten  by  Lepiima  taedtarkia 

Cuspidors,  breeding  place  of  Mutea  dometUea 

Cutting  locust  at  certain  periods  to  destroy  locust  borer 

out  peach-tree  borers 

round-headed  apple-tree  borers 

useless  trees  against  apple-tree  tent  caterpillar 

(^loneda  tanguHua  (see  also  Ooednella  tanmUnea). 

enemy  otAphU  gottyjm 

CfUeni  roMnim,  c  ircular 

remedies 

Cymling  (see  also  Curourbits  and  Squash). 

hodpluxtot  MeUttiamtwrfn^ormit 

Cyperus,  food  plant  of  Diabrotka  iB-punctata 

Cypress,  girdled,  prevention  of  insect  injury 

Doet  tree  of  PUUppua  eompotUu$ 

pin-borer,  girdlea.    (See  Platfpu*  eompoiUut. ) 

pinhole  injury,  circular 

Qfrtonewa  ttatmiant  (see  also  Muteina  ttabutam). 

in  houses 

D. 

D9etpH$  glomerata,  food  plant  of  ToxopUra  gnminum 

DoetifiopiuM  odorMum  on  grape 

remedy 

Dahlia,  food  plant  of  DJoftroMoalJ-punctala 

]>ai8y,  ox-eye,  food  plant  of  MaerodaetjfluM  tubtpinotus 

Dandelion,  food  plant  of  ApbiaaotnipH 

"Dine,"  colloquial  name  for  BtaUem  germanka 

D^remma  eaMpm.  same  as  Caratomia  catalpm 

Dntpmeura  UguminkoUi.   (See  Clovei^flower midge.) 

Datura,  food  plant  of  Apkit  go$tfpU 

Leptinotarta  deeemUruata , 

probable  food  plant  of  Diabrotka  li-punetata 

Da»aJtta  mooreana,  food  plant  of  CkUnuupis  sp 

DetnoeeriUs  cancer,  distinctive  characters  of  larva 

Delaware,  requirements  relative  to  shipment  of  nursery  stock. , 

Dendroetonutfrontaliaf  destructive  to  pine  and  spruce , 

sp.,  injury  to  Pinut  murrayana 

ponderota , 

Dendrolene  against  two-lined  cheslnutrborer , 

Dtrman§99U9  galUnx,  general  account 

remedies 

DeatxJas,  food  plants  of  Maerodaetglut  nLbipim>tu* 

Dewbeny,  food  plant  of  A  lUhonomut  tignatu* 

IHubrotiea  tB-punetata,  general  account 

remedies 

Umgkomiif  general  account 

remedies 

saror,  pest  in  Pacific  States 

vUtaia,  carrier  of  fungous  diseases  of  plants 

circular 

enemv  of  cucurbits 

remedies 

JHupU  pentagonaf  Itane,  sulphur,  and  salt  wash  as  remedy 
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Diatrga  taechartUis  [larger  corn  stalk-borer],  general  account 

remedies 

[sugar-cane  borer],  distribution 

D&trad^M  bofuchf^ntu .  sccamlary  parasite  of  Thifiido^pteTyx  ephemerK' 

fiirmit. .,._-..., ,  *  * .  .r,  —    

Dk^tuba^iajfnmani. \umigallon  with  h  jdrocy  onUvm'id  gas 

D^Scieki*0atnivortig,piu^siWi  fit  MalaeoifQttm  a  mrricatta 

Dlodk].  food  plant  QiAphu  fffMUfpii. .... . 

DipltiduJH  iitridiifi  ein,^my  of  Malocoifima  amcricawi. 

Dipkiei!).    (Boo  CouturLtiiii.. ) 

Diaeo^,  bttci.odal  wHU  vl  curcabXis,  cotton,  and  oowj^eas.    (Soo 
BticilluB  frfichfiphitits  and  I^ffQcotmotpora  vatinfecta.) 

tui^oaft,  of  ifr^ifwlJopparB. ,  ...,.,„.... 

]ca%»t.  of  talalpa.    (Soo  Pk^/ULn^iidt^  tataJpse.) 

ol  Maiacmoma  ^ififfkam -....., 

DlscOBQEi,  hunmOn  i.iUTJagu  by  ^fmca  domeatiai 

of  bttwd  of  b*W6,  i:in:uJiif ,  ,,*.,...,,,, 

remodlcss 

dilckens  fttmbiili'il  U>  pnwrw«  of  roiiea  and  lice 

lJidiiL"«d  by  ll(ti. . 

p^ais.  fungous,  r-arriiiMi^t  t^v  hiiihrnhra  ttmffieomis  and 

stripHlciiLuai.;  

transmlflsion  by  AiuuatrUtis 

Diabrodca  vittata 

Ditsotteira  Carolina,  host  of  Afermit  <Ulricaru 

DiaiiehU9  tpkata,  food  plant  of  ToxopUra  fframinum 

DUropinolus  aureoviridu,  parasite  of  Itotoma  tritiei 

Dock.    (See  Bumex.) 

Doc\unents,  destruction  by  Termaflavipe* 

Dog,  host  of  Pulex  aerraticeps 

Dogwood.    (SeeComus.) 

DoESRVt,  P.  H.,  and  Woods,  Albebt  F.,  circular,  "The  Use  of 
Hydrocyanic  Add  Gas  for  Fumigating  Greenhouses  and  Cold 

Frames" 

Domhora  t04ineata- LepHnotarta  decemlineata 

"Drill  worm,"  ooUoquial  name  for  Diabrotioa  ti-punctata 

Drotophila  ampelopkila  in  houses 

Drought.    (Bee  Temperature  and  Weather.) 

Drugs,  not  recommended  against  American  and  European  foul 

brood 

Drying  against  chestnut  weevils 

Duck,  enemy  of  Levtinotarta  dectmUiuata 

Dust  against  pear  slug 

striped  cucumber  beetle 

and  sulphur  against  cotton  red  spider 

Dtab,  Habbison  GT.,  drculai,  "Key  u>  the  Known  Laryae  of  the 
Mosquitoes  of  the  United  SUtes" 

E. 

Earthworms  mistaken  for  Metmia  aOrioaiu 

S€Mnocii9tii  lobata,  food  plant  of  Diabrotka  vUtaia 

MeliUia  taiyrit^ormia 

BcUMa  gennanka.    (See  BUOUlki  germaniea.) 

Eggplant,  food  plant  of  >4  <^odM  vaporariorum 

LepHnotarsa  decemlineata 

Biehhomia  tpeciota,  ftunlgatlon  with  hydrocyanic-add  gas 

Elder,  food  plant  of  Thyiidopteryxephemerxformis 

Elm,  Ibod  plant  of  BryoMs  pra/eYWi« 

Chuerucwa  luteda 

Mdlacotoma  amerieana 

PtUvinaria  innumerahiUa 

Scolptut  rugttlosu* 

Tkvridopferfx  eptumeraeformia 

leaf-beetle,  circular 

remedies 

possible  food  plant  of  Chrywboihrit  fcmouUa 

Elymus,  food  plant  of  Mayetiola  dettructor  or  related  spedes 

ttriahUf  food  plant  of  TVnopCera  graminum 

Emputa  apkidit,  fungous  disease  of  Macroiipkum  pisi 

mtucK,  fungous  disease  of  Miuca  domestica 

Bncffrttu  sp.,  parasite  of  Eriocampoides  limacina 

EnUd^m  epigonus,  parasite  of  ( Cecidomyia)  Mayetiola  destructor 

Evania  appendigaster 

Entomology,  publications  of  Bureau,  list,  rev.  to  Feb.  1, 1910,  di^ 

oolar 

Bpicauta  vittata^  an  "old-fashioned  potato  bug" 

apilampra  notalHlis,  predaceous  upon  herbivorous  larve 

Eragroeftis,  possible  food  plant  of  Tozoptera  granUnum 

ErUxampoiaet  limacina,  circular 

remedies 
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Ciroolar 
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Page. 


Figure. 


Multeanium  ni^atdaimm,  drcnlar 

remedies 

peniae,  confdmided  with  EuUeanium  niifrofoMdatum . . . 

unaaM 

I  innumerabilis 


nrunatm 

Emnohu  JMaut,  peraelta  of  Puivinaria  innun 

JBupelrmu  aUifnii,  petnaktd  of  Ii09oma  Mtki 

Mapetiola  dettruetor 

reduvH,  parasite  of  Atuua  trittit 

spp.,  parasites  of  Seoliftut  rufuUmu 

JBupeoda  vomeritf  enemy  of  Aj)hii  go»»fjM 

BmpkoTocera  claripennia.  parasite  of  Ceratomla  eatalfm 

Euproetis  dknf90frrkaa,  character,  cxmditioiis  in  New  England,  Joly, 
1904 

control '  by  collecting  and  bidiiing  winter 

webs 

Bwytoma  Uootor^  parasite  of  SaOvtui  ntguiotua 

cranfii«»m,  parasite  of  Scolfhu  rufuUmu 

Eu$dUahuvarioUiriu»fesittmyotLepiinoiarmdeeemiiiieQia 

EtUOua  flturipet,  parasite  of  CkeUo$k  otoffcemfa 

MtUkripB  nkoHanm,  drxmiar , 

remedies 

(rftid.  the  wheat  thrips 

Evanki  appendigatter,  hoot  of  BrUedonhagenowi 

parasite  of  oockroadiee 

Excrement  (see  also  Manure). 

human,  breeding  place  of  Miuea  iomettiea 

BtoiAomMt  amtriitahu,  eaiemj  of  ApkiM  go$tfpU 

£n>rifte  mij^arif,  parasite  of  PonMs  rape 


Fall  destruction  of  cotton  stalks  against  boU  weeril. 


treatment  against  American  and  European  fool  brood.. 

Feathers,  food  of^tta^emw  pienw 

ThuoUbitemtUa 

peUkmeUa 

FMtlng.  food  of  Trkkopkaga  tapettOlA. 

Ferns,  fumigation  with  hydrooyanlc-acid  gas 

FertUixers  (see  also  Manure). 

against  Hessian  fly 

joint-worm 

commercial,  against  com  root«phls 


mineral,  against  seed-corn  maggot.. 

organic,  inducing  root-maggot  Infes 

Hea,  ftumgation  with  hydrocyanic-ac 


_  _       ifestatlon , 

Fkut  ebutiea,  ftumgation  with  hydrocyanic-add  as , 

Fir,  Alpine,  host  tree  of  bark  maggot  (probably  Ckeilotia  sp.) 

bark  maggot,  lowland.    (See  Cluilotia  koodianut.) 
grand.    (See  Fir,  lowland.) 

lowland,  host  tree  of  CkeUo$ia  koodiannu 

Bwle9hMU  n.  sp.,  and  BpUtinua  ^ramt- 

latut 

white.   (See  Fir,  lowland.) 
Fire.    (See  Burning.) 

'<Fire-bret,''coUoquulnameforXcpkf}iaiomet<ies 

Flreplaoes.  infestation  by  Lepiama  domettica 

FIflh  bait,  larrffiofClnttfomfocato^TMe  used  therefor 

dried,  food  of  cockroaches 

oil  against  two-lined  chestnut  borer 

soap.   (See  Soap,  fish-oil,  and  Soap,  whale-oil.) 
Flea,  cat  and  doff.    (See  PuUx  terratkept.) 
human.    (See  Pulex  frrUam.) 

Fleas,  general  account. » 

h3rdrooyanic-add  gas  as  remedy 


Flies  feeding  on  honeydew  from  ajdiides 

hoQse^as  carriers  of  disease 

drculars.... 

hydrocyanio«cid  gas  as  remedy, 
remedies 


speeies  occurring  in  houses. 


FloodhiK  against  egra  and  voung  of  grasshoppers 

Floon,  oeraiictionDy  white  anis , 

Florida,  requirements  relative  to  shipment  of  nursery  stock., 
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Flour  and  sulphur  against  cotton  red  spider 

Fly,  bluebottle.    (See  OaOiphora  ervthrocephaia  and  LudUa  csuar.) 

duster.    (See  PoOenia  rudis.) 

fruit.    (See  DrotopkUa  ampetophUa,) 

ereen-bottle.    (See  LudUa  csuar.) 

Hessian.    (See  Ctddom^ia  destructor  and  Magdiola  dettruttor.) 

bouse.    (See  Miuca  domestica.) 

meat,   (see  OaUipkOTa  trfthroeephdla.) 

paper,  stidky,  agatdst  hooae  fly 

1  bluebottle.   (See  Pkormta  terrsenovm.) 
house.   (See  Momalomvia  cankularit.) 
stable.    (Sea  CvrUmeura  tUumiant,  Mutetna  statmlarUf  and 

Stomaxpt  ediettratu.) 
tjrphoid.   CSee  Musm  dometthii,) 
window.    (See  Sceuopiinutfenea^is.) 

Food,  Infestation  by  oockroecbM 

house  ants 

Lepltinawcckarina 

Forage  plaatitlood  of  ^ryo6iaprafensiff 

Forestalling  outbreaks  of  ffrasshoppen 

Forest  trees,  lood  plants  of  MacrodactjfUu  tubtpinonu 

injury  by  periodioal  cicada 

Formalin  asatnst  powder-post  beetles 

Formkaftuca,  enemy  of  ArUlununnut  tignatu* 

Foul  biood,  American,  cause^  droular 

dusoilpliou 

not  the  foul  brood  of  (^eshire  and  Cheyne. . . . 

treatment 

Eoropean,  description 

treatment 

of  Cheshire  and  Cheyne,  not  American  foul  brood 

Fowta  (see  also  Poultry  and  ChiScea). 

diseassikiduceabylioe 

enemies  of  boll  weevil 

nasshoppers 

XepUnotana  dicemUneata 

Foxtail,  marsh.   (See  A  lopecuru$  geniaUahu.) 

yellow.    (See  Iiophonu  glauau,) 
France,  laws  relatiye  to  importation  of  American  plants,  trees,  and 

fruits 

"Franxosen,"oolloquial  name  for  ^tettetta^enjMfiioa 

Frog,  tree,  enemy  or  oockroaofaes 

Frontina/refidM,  parasite  of  Ceratomia  eatalpm 

MalacoaovM  amerioana 

Frost.   (See  Temperature  and  Weather.) 

Frolt  flies,  quarantine  regnlationa  of  New  England  against  Intro- 

duotion 

fly.   (Q^e  Drotophila  ampelophUa,) 

tnes,  food  plants  of  BryoMa^TTtttensit 

ii^uxy  by  bufEalo  tree-nopper 

protection  against  periodical  cicada 

yoongflAlnry  by  periodioal  oioada , 

FroltiyfoodofoockToadies 

mrden.  food  plants  of  Macrodactylut  tubtpinontt 

a\viTYD7LeptoeorittrivitUUu9 

Fuoh8il^IOoa  punt  of  A  Imtdet  vaporariorum 

fumigation  with  iiTdrooyanio-acid  gas 

JPtunoM)  JoZicin<^  funnis  following  work  of  i^Ito  pffHco/a 

Fumigation.    (See  Carbon  bisulphid,  Hydrocyanio-add  gas,  and 
under  Tobacco.) 

Fungi,  food  of  Diabrotka  longicomis 

Fungous  disease,  belieyed  to  have  caused  disappearance  of  Dendroo- 

tonusfnmtaUt 

of  grasshoppers 

MacrenphumpiH 

MutcA  ioTnestka.    (See  Empuaa  muscx.) 

Pkgtonomut  punctatut 

plants,  carriage  by  iXodrofica /on^icomi« 

striped  cucumber  beetle 

PoUiniarvdU 

Fungus,  smoky.   (See  Fumago  taUdna,) 

Fur,  food  of  Tinea  peUUmella 

TineolabiseaieUa 

TrkhophagatapetzeUa 

moths.    (See  Moths,  clothes. ) 

Fomiture,  destruction  by  Terrmg  flavipea 

plush-covered,  reported  injury  by  Lepitma  taeeharina... 
protection  from  lAiuiy  by  white  ants 
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QmUnem  tamAomdmmi,   (See  BIm  leof^beetle.) 
GeicriMcitoZiitoote.    (See  Elm  leaf-beeUe^) 

Gvfoage,  breeding  place  pfJItMesdomeilioa 

OasUme  against  cabbage  maggot 

root  form  ofwoolly  aphis 

impracticable  against  boose  flies 

tar  against  peadi-tree  borer 

treatment  against  San  Jose  scale 

OasoUne  against  powder-post  beetles 

OMpAOiw spp.,  mistaken  for  MermUoMcan* 

Georgia,  requirements  relative  to  shipment  of  nursery  stock 

Geranium,  food  piant  of  ^2«irrod«t»porarior«fii 

Tervietflovtpe^ 

Germany,  laws  lelatiTe  to  importation  of  American  plants,  trees, 

and&mts 

Giant  whips.  (See  Sphodueta  apU.) 
Gipsy  moth.  (See  Portik€<rfo  tfuipar.) 
GmAiTLT,  A.  A.,  JomraoN,  FBED,ana,  dronlar,  "The  Plum  CuicuUo 

(Omatrodulu^nettuvharMerhsty* 

Girdling  against  Ihii  t-tree  bark-beetle 

at  certain  times  to  prevent  ninhole  injury  in  cypress 

GoMenrod  flowers,  frequented  by  adults  of  Ct/UenerobMrn 

food  plant  of  IMairoMea/f-piia^te 

vitUiiB 

GoiiJdeoCet  oMomincIit,  parasite  of  chickois  .'..*!*.!*.!!*.!!]!!!!!!!'.!'! ! 

ihmioiet  rfitdwtfto,  parasite  of  diickens 

^Qoosebeiry  bugs,'' ooUoquial  name  for  chiggers 

food  pluit  of  PuMnartaiim»merabUi» 

Goord  as  trap  plant  aninst  striped  cucumber  beetle 

food  i)iaint  of  Mdittia  9aivHniformi» 

OrsMoiiila  oiwolor,  distinctive  (uiaracters*of  larva 

JamaieenfiSf  distinctive  characters  of  larva 

Grain  aphis,  European.    (See  Siphocoryne  avenm, ) 
spring.    (See  TmobUm  fptarnhMm.) 
moth,  Angoumols.    (See  aUotroga  eereeOeUa.) 
weevils,  hydrocyanio^cld  gas  as  remedy 


Gialna,  food  plants  of  Otmnnla  pOlueida. 

small,  food  plants  of  Leutania  imfptmcAi. . 
Grsnaries,- fumigation  with  hydrocyanic-acid  gas. 
Granary  beetles,  hydrocyanio^u^id  gas  as  remedy . 
Gfspe,  food  plant  of  DaOvlophu  adonidum 


DiabroUea  li^punetata. 

Maerodactplut  tubaphumu 

PtUvinaria  innumtmbUis 

Phyllozera,  resin  washes  as  Insecticide 

Gfspes  under  glass,  ftnnigation  with  hydrocyanic-acid  gas. . . 
Grass,  beard.    (See  Pdrpoffon  montpeliefuia. ) 

bhie,  food  plant  of  LeueaiUa  uniptmcta 

stem,  food  plant  of  Bryoftto  pntfent<t 

couch,  food  plant  of  Toxoptira  anminum 

foxtail,  food  plant  of  ilpftitfiMil<-radfci* 

gama.    (See  Trip$aeum  daetpMda.) 
ordiard.    (See  Daetflit  gUmenta.) 
sesame.    (See  WpncnrndaetyUMa.) 
sqtdrrel-taiL    (See  HordeumjvJbahim.) 

Or«MOS,loodof  Terme$navipe» 

plants  of  ^ryoWaprat«fM^« 

OammUap^ueida 

Leueatda  unipuneta 

MaertdaeiyUu  tuJbtpinomM 

MofHiola  dettruetOT  or  related  SDecles . 
flrsMlmpper,  diflerential.    (See  MeUmoplut  diferenHaiis.) 
peQuokl.    (See  Oamnula  peaudda.) 

problem  and  alfiUfii  culture,  circular 

Rocky  Mountain.    (See  MeJanoplua  aprdnt.) 
two^trtped.    (See  Melanoplut  ^vittatw.) 
yellow-winged.    (See  Camnvta  pOluddu.) 
OfaMboppers,  remedies. 

Oraaing  agahist  b(^  weevlL 

"Oieenarsenoid  "against  plum  cuToullo ., 

Green-bottle  fly.    (See  XndUa  ouor.) 

"Oieen  bug,"  ooDoquial  name  for  Tozoptors  ^rsinlfMim. 


<bnnboase  white  fly.   (See  A  Ujfrodes  vaporarhrum.) 
fliUiilMiiMwa  and  com!  frames,  fumigation  with  hydrocyanic-acid  gas. 
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Oreenhouaes^tDfestfttionbylXabrofieavittata 

Leptoeoris  trivitUUua 

Termeaflavipea 

Grosbeak,  rose-breasted,  enemy  of  Leptinotarta  deeenUineata 

Ground  beetle,  fiery.    (See  QUotoma  caiidum.) 

slender  seed-corn.    (See  ClMnaimprfttifwru.) 

beetles,  enemies  of  Leucania  wUpuneta , 

ivy.    (See  Nepeta  gleehoma.) 
Groundsel.    (See  Senedo.) 

Grouse.  ruffeoL  enemy  of  LepUnotaraa  deeemUneata 

"Grubby  cattle,"  meanlne  of  term , 

"Orub,''^  colloquial  name  tor  Hfpoderma  lineata , 

Grubs,  white,  kerosene  emulsion  as  insecticide 

Gum,  injury  by  PUUffpus  eompotUua 

Gunpowder  aninst  cockroaches 

Gypsum  and  kerosene  against  squash  bug 

turpentine  against  squash  bug 

Gypsy  moth.    (See  Portik<trto  di^por.) 

H. 

Babncifhu  ikifrtioptertgU,  hyperparasite  of  ThpHdopierfx  ephemer- 

mformit , 

prooable  parasite  of  AUocota  thpidopUr- 

ioU 

Haokberry,  food  plant  of  Putviiuiria  innumerabUit 

Hadronotu9anasm,pKnaitBotAna$atri8tit , 

Hair,  food  of  Tiruota  bUelUeUa 

worm,  cabbage  (sec  also  Mermin  dlbtcant). 

hosts 

positively  not  poisonous 

Hand  destruction  against  house  centipede 

method  against  plum  curculio 

methods  agahist  seed-corn  maggot. 

squash-vine  borer «... 

picking  against  apple-tree  tent  caterpillar 

bagworm 

cabbage  nutfgot 

catalpasphmx 

imported  cabbage  worm 

periodical  cicada 

•'  rose-ohater 

squash  bug 

Harpalut  eaUginotutf  enemy  of  £^notar*a  deeemlineata 

Harvest  mites  or ''chiggers,"  circular 

renifidi^s 
Hawaii,  requirements  relative  to  shipment  of  nursery  stock. ..'.'.'.'.'. 

Saw.  food  plant  of  Conotraehdua  nenupikar 
awk,  sparrow,  enemy  of  grasshoppers 

Swainson,  enemy  of  grasshoppers 

Hawthorn,  food  plant  of  Pumnaria  innumerabUit , 

8colfftu$  rxtgtiUmu 

Hasel,  food  plant  of  fatonintMoMiwtw 

Haielnut  weevfl.    (See  SalafUmu  obtusut.) 
Heat.    (See  Temperature  and  Weather.) 

Heating  against  chestnut  weevils 

powder-post  beetles , 

*'Heel  fly,"  colloquial  name  for  Hjfpoderma  lineata 

HflUitMs  obtoleta,r9i]a  n^en  as  remedy 

HeUotrope,  food  plant  oTil  leifroda  vaporariorum 

Hellebore  against  imported  cabbage  worm 

pear  slug 

inefEectfve  against  rose-chafer 

Baner(Mu9go»9ifpii»eJiBmjotAphiagos9ifpli 

Hemeroeampa  leueosOgma,    (See Tussock  moth,  white-marked.) 

HemUeUameiockoridis.iMraiitBOtApanUUteongreffatua 

•oolvtltpanaiiBotScolptusrugulotus , 

thymopterigit^' AUocota  thfTiaopterigU , 

Hemkiokbarkbeetla    (SeeHyi[e«intt«n.sp.) 

maggot.    (See  Chdlotia  alatkeniis.) 

WestemT"  Black  check"  injury,  circular , 

host  tree  of  Chdlotia  aiatkejuia 

HyletiiMit  n.  sp 

Henbane.   (See  Hyoscyamos.) 
Hen  louse.   (See  Itenopon  pamdum.} 

manure,  ineflectlve  against  strawberry  weevil 

Herbariums,  reported  Infestation  by  TineMa  bitdiUUa 

Hessian  fly.   (See  Ceddomyia  destrudor  and  Magdiola  dedrudor.) 
Hderopui  ventricottu.    (See  PedieuMda  venirieofut.) 

Heydeniaunka,TMiBslteot8eolyttaTuguiotut 

Hibiscus.    (See  Malic-  and  Mallows.) 

Hickory,  food  plant  of  C%r|f«o6otftri«/(rmora(a 

Mppodamia  eonvergem,  enemy  of  A  phis  gottypU 

LkpUnotarta  decemUneata 
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Hippodamia  eontftrgem,  enemy  of  MacroHpkum  piti 

Toamptera  graminum 

glaciaUtf  enemy  of  LeptinolarM  dtcemlineata 

Maetxitipkum  pUi 

parentheHi,  enemy  of  Toxopiera  graminum 

19^punetata,  enemy  of  Aphtt  goasypii 

Leplinolaraa  deceniUneala 

lMero»ivhum  pisi 

Bb#maiifila  rtfulgens,  fumigation  with  hyorocyanio-acid  gas 

Hon,  enemies  of  nut  weevils 

Ho^fmpeUe  mkrogastTi,    (See  HorUmeniu  microgattri.) 
Bofnmoditn  coagviaUit  glassy-winged  aharpsbooter,  mistaken  for 

boU  weeva 

BbflMifomiria  5repf<  in  houses 

caniculojiB  in  houses 


Bomopoitw  chalddiplhaifut,  parasite  otitotoma  triiki 

Hooeydew  from  com  root-aphis 

HooKEK,  W.  A.,  circular,  ''The  Tobacco  Thrlps  and  Remedies  to 
Prevent  'White  Veins'  in  Wrapper  Tobacco  iEuthrips  nicolianx 

Hinds)" 

Hop,  food  plant  of  ilpAitMMvpM 

Phonaon  kttmuli 

HoPKiNa,  A.  D.,  circular,  "Pinhole  Injury  to  Girdled  Cypress  in 

the  Ek)uth  AUantic  and  Gulf  SUtes". . . 

"  Powder-Post  Injury  to  Seasoned  Wood 

Products" 

''The  Locust  Borer  and  Methods  for  its 

Control" 

"The  White-Pine  WeevU" 

noppei^Fox  oj^liLst  prasshoppor; 

yoULtw-w'iin^«-i;l  l(>ou5L  , 

Hm4tmm  (M$^iQ*u  m.  luoij  pUnl  or  Tmoptfta  ^Taminum 

jubofum^  Ujod  pl&ilt  o!  T^mptf.T^  ffTnmvmf^ . .    

ifiurmiirn,  tood  plant  of  T&ioptetfi  gra miniitif.   

ptifiUam,  food  plant  of  Toxopff  rn  gTaminum 

BorUmfnu^  miera^iuiTi,  partuiiL^  or  MiCToplifts  t.ijxintcles)  catalpx.. 

rtame^lipatnut,  foofl  plant  of  Ckrjf^obothTi*  femomta 

ndt»  dropplnp.  salt,  ^nd  i*arls  grw-ii  agalr^t  grasshoppers 

host  of  DermonjfXiUJS  (fuliiJix 

mint.    {9<[M?  Afrjnarda  fistukvttt.) 

t)«Utc.  feiod  plant  of  DiabffAim  I ^-punet&m, **.**, 

Hjefseradish.  food  plant  of  Fontift  rafnf *.....,.,., 

Houac  o^ni  i pe*ii^.    (  i^p*  Scaiigna  ffircffs . ) 

e]c«nlug  flpilns:  carpet  bwt1n 

fleas 

fly.    (See  Mtuca  domatica.) 

small.    (See  Homaiomgia  caniatlariB.) 

Homes,  infestatfon  by  Brgobia  praUntU 

Cimex  lectidariw 

sp.,  from  swaUbw 

cockroaches , 


flies,  circulars 

Lepiitna  taocharina 

Leptocoris  trivittatfu 

Monomorium  mintUum . . . 

phamonis  .. 

SaUigera  forceps,  circular. 

Tetrammum  csupitum, . . 


Termts  flavipes .  

JiawAXDt  L.  O.,  circular,  "An  Important  Enemy  to  Fruit  Trees. 

*  The  San  Jose  Scale;  its  Appearance  In 

the  Eastern  United  States;  Measures  to 

be  Talcen  to  Prevent  its  Spread  and  to 

Destroy  it" 

"  General  Worlc  against  Insects  which  De- 
foliate Shade  Trees  in  Cities  and  Towns ' 

'< House  Flies  ( Mu$ea  dometUea  et  al.) ". . . 

«How  to  Disthiguish  the  Different  Mos- 
quitoes of  North  America" 

"Hydrocyanic-acid  Gas  against  House- 
hold Insects" 

"Mosquitoes  and  Fleas" 

"Regulations  of  Foreign  Governments 
Regarding  Importation  of  American 
Plants,  Trees,  and  Fruits" 

"Remedial  Work  agahist  the  Mexican 
Cotton-boU  WeeviFTT. 

"The  Army  Worm  (LeuearUa  unipuncta 
Haw.)".. 

"The  Box-elder  Plant-bug  (Leptocoris 
frWtt«u»Say)" 
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1 

''The  Harlequin  Cabbage  Bug  or  Calico 
B9CkiMurgafUiakUMonkamim)".... 

"The  Lareer  Com  Stalk-borer  (Diatrsea 
nechttnUt  Fab )" 

1-4 

"The  Mexican  Cotton-boll  Weevil  (i4n- 

1-3 
1-6 

"The  Mexican   Cotton-boU  WeevU  In 
1897»'                                

1-3 

and  CmTTENOKN,  F.  H.,  circular,  "TbeBagworm 

{Thpridojh 
terpx  ephemer- 
mf  or  mi  9 

Haw.)" 

"The    Catalpa 
Sphinx  ( CSera- 
tomto  eatalpx 

Bdv.)» 

BmtTSk,  W.  D.,  circular,  "Note  on  the  occurrence  of  the  North 
American  fevf^r  tick  on  sh<wn" 

1-U 
1-1 

"The  Most  Important  Step  in  the  Control 
of  the  Boll  Weevil" 

"The  Most  Important  Step  In  the  Cul- 
tural System  of  Controlling  the  Boll 
Weevir' 

"The  Periodical  Cicada  in  1902" 

1-a 

HvdTMiffea.  food  nlant  of  A  rthUt  oosmtnii 

HydiX>CTani04ICid  mm  aeninHt  hMlhnra 

book-lice 

camet  beetle 

cockroaches 

greenhouse  white  fly 

hmiSAhnlri  iiMArttji  piiY^iilnr 

mealy  bugs,  etc 

melon  apnJs 

plant-lice 

&an  Jose  scale  in  nursery  stock 

scale  ( Chiorut-svit  sd.  ) 

insects  on  citrus  iT^es 

pests  In  greenhouses  and  cold 
frames 

stored-product  insects 

thrlps 

white  ants 

fly 

tailed  mealy  bug  .. 

woolly  aphis  in  mursery  stiack 

fumigation  of  greenhouses  and  cold  frames... .' 

nursery  stock  against  San  Jose 

scale 

1-3 

HpUutinui  obKunu,  circular 

1-i 

remedies 

AjftesJnM  pranitZotiw,  injury  to  lowland  flr 

n.  sp.,  injury  to  lowland  fir... 

western  hemlock 

3 

Hyoscvamus,  food  plant  of  LevHnotana  decemlineata 

n^fperoemtu  tinex,  parasite  of  Tinea  pdlioruUa.. 

Hjfperatpii  binotata,  enemy  of  PuMnaria  innumerabi'lis 

A 

Hgnata,  enemy  of  Pulvinaria  innumerabUia 

unduUUa,  enemy  of  Toioptera  graminum 

Hyphantriaeunea,    (See  Webworm,  fWl.) 

i& 

IJnmAi,  circular 

'  remedies.... 

Hvpopteromalui  tdboeum,  parasite  of  MicrojduUUpanUl'enVcaiaipst. 

I. 
Tchnenmon  flies,  enemies  of  canker-worms. 

Idaho,  reaulrements  relative  to  shinmeni  of  nurserv  stock 

Illinois,  requirements  relative  to  shipment  of  nursery  stock 

Impatiens,^food  plant  of  DiabroHca  fi-punctata ". . . . 

f ntfex  to  Cireulars  1  to  100  of  the  Bureau  of  Entomology, 

Indiana,  requirements  relative  to  shipment  of  nursery  stock . 

Insecticide  ^yparatus  (see  also  Mechanioil  methods)." 

against  boll  weev<l , , . 

cockroaches 

Colorado  notato  beetle 

cotton  red  spider 

INDEX   TO  CIBCULARS  1  TO  100. 


29 


Circular 
No. 


Figure. 


Inseeddde  apparatus  against  elm  leaf-beetle 

grasshoppers 

hop  plant-louse 

mekm  aphis 

pea  aphis 

plum  curcullo 

root  maggots 

San  Jose  scale 

shade-tree  insects 

tobacco  thrlps 

yellow-winged  locust , 

for  fumigating  gre^ohouse  plants 

InMctlddes,  caution  necessary  in  use 

condensed  information  oonoeming  some  of  those  most 
ImpcHtant,  circular 

ineffective  against  boll  weevil 

Insect  lime.    (See  Raupenleim  and  Dendrolene. ) 

Insects  defoliating  shade  trees,  control  in  cities  and  towns,  circular. 

dried,  food  of  Tineola  biseakUa 

subterranean,  insecticides 

Iodine  as  remedy  for  "chiggers" 

Iowa,  requirements  relative  to  shipment  of  nursery  stocic 

Itoerotus  vulffarUj  parasite  of  Macroiiphum  piH 

/•0M1IM  Critiet,  circular 

remedies 

Itch  mite  of  fowls.    (See  Cnemidoa)pUs  mutant.) 
Ivy,  ground.    (See  Nepetajaleehoma.) 

polaon.  food  plant  of  PtUvinaria  innumerabilit 

Izojmonu  glauctu,  food  plant  of  Toatptira  graminum 

(Setaria),  poeoble  food  plant  of  Toamptera  graminum 

J 

Jaearanda  ooali/oUa^  fumigation  with  hydrocyanic-acid  gaa 

Jamestown  weed.    (See  Datura.) 

JmUkinotoma  posticata 

rntfi,  distinctive  characters  of  larva 

ronpet,  distinctive  characters  of  larva 

Jarring  against  boll  weevil 

Colorado  potato  beetle 

hazelnut  weevil 

plumcurculio 

rose-chafer 

spring  canker-worm. 

cenerally  impracticable  aeainst  chestnut  weevils 

"  JeUy,''^meaning  of  term  as  appUed  to  beef  and  hides 

'^  Jigger,"  colloquial  name  for  narvest  mite 

Jimson  weed.    (See  Datura.) 

Johnson,  Fekd,  and  Oiraxtlt,  A.  A.,  circular,  "  The  Plum  Curcullo 

( Cbmotrachdus  nenuphar  Herbst)" 

Joint-worm.    (See  Isotoma  tritici.) 

Jnneberry,  food  plant  of  Diabrotiea  vittata 

Saperda  Candida 

cretala 

Scoljfhu  rugulosus 

K. 

Kainit  against  rose<!hafer 

seed-oor^  maggot 

decoction  ineffective  against  rose-chafer 

Kakerlach,  Dutch  name  for  Blotta  orientalis 

Kale  as  trap  crop  for  cabbage  aphis 

melon  aphis 

food  plant  of  Diabrotica  l8-puncUUa 

MurganUa  hittrioniea 

Kansas,  requirements  relative  to  shipment  of  nursery  stock 

Kentucky,  requirements  relative  to  shipment  of  nursery  stock 

Kerosene  against  bedbug 

box-elder  plant-bug 

carpet  beetle 

clover  mite 

fruit-tree  bark-beetle 

grasshoppers 

harlequin  cabbage  bug 

house  flies 

little  red  ant 

locust  borer 

mosquitoes  in  houses 

mosquito  stages  in  pools , 

ox  warble , 

powder-post  beetles , 


8 
84 

2 

80 

43,ed.2 

73 

e3,ed.2 

3 
15 
68 
53 
37, rev.  2 
1 

1 

14 
18 

15 

36 

1 

77 

75,  rev.  2 

43,ed.2 

66,  rev. 

66,  rev. 


64 
93.  rev. 

85 


37,  rev.  2  I 

72 
72 
72 
18 
87 
99 
73 
11 
9 
99 
25 
77 


73 

31,  rev.  2 

32,  rev.  3 
32,  rev.  3 

29,  rev. 


11 

63,ed.  2 

11,  rev. 

51,  rev. 

80 

80 

59 

10 

75,  rev.  2 

75,  rev.  2 

47,  rev. 

28 

5,  rev. 

19,  ed.  2 

29,  rev. 

84 

10 

35, 

71,  rev. 

34,  rev. 

83 

13 

13 

25 

55 

Dpt 


4 

»-9 

6-7 

13-15 

7-9 

6-8 

5 

8 

2-3 

•      4 

2-3 

9-10 

6-7 

1-7 
5 


1-4 
4 
5 
6 
3 
5 

1-7 
.5-7 


3 

2 

3 
3-4 

7 

3 

3 

4 

8 

8 

2 
6.7 
0-7  , 

2 


4-5 
2 


l-« 


3 

3 

3 

7 

12 

15 

6.7-9 
4 

4-5 

7 

g 

1 

] 

1-10 
2 

1-^5 

3 

8 

2 

4 

3 

' 

3 

9 

15-16 

15 

zed  by 


2-3  I 

Google  • 


30 


INDEX   TO   CIRCULARS   1   TO   100. 


Kerosene  against  round-headed  apple-tree  borer 

slender  seed-corn  ground-beetle 

San  Jose  scale 

strawberry  weevlL 

strli)ed  cucumber  beetle r 

two-lined  chestnut  borer 

white  ants 

and  carbolic  acid  against  common  hen  louse 

Epsum  ac^iinst  squash  bug 
id  plaster  against  squash  bug 

naphthaline  against  common  am  louse 

plaster  ineffective  against  strawberry  weevil 

sand  against  com  root^phis 

seed-corn  maggot 

compounds  ineffective  against  rose-chafer 

emulsion  against  apple  aphides 

box-elder  plant-bug 

buffalo  tree-hopper 

chicken  mite 

clover  mite 

cotton  red  spider 

cottony  maple  scale 

elm  leaf-beetle 

"green  bug" 

harlequin  cabbage  bug 

hop  plant-louse 

imported  cabbage  worm 

locust  b<H^ 

melon  aphis 

pea  aphis 

pear-tree  Psylla 

rose-chafer 

San  Jose  scale 

squash  bugs 

subterranean  insects 

terrapin  scale 

tobacco  thrips 

two-lined  chestnut  borer 

woolly  aphis 

and  Bordeaux  mixture  against  pear-tree  Psylla. . 

as  insecticide 

Ineffective  aeainst  periodical  cicada 

only  partially  successful  against  strawberry 

weevil 

useless  against  chestnut  weevils 

Key  to  known  larvro  of  the  mosquitoes  of  the  United  States,  circular. 
Kiln-drying  against  chestnut  weevils 


L.. 


Ijftb*.'!-^  1  ,ifi' [J  by  Ltpiittm  Eacrharijui 

Xufe'M  ..'/HI,  rWj^,  poTusiWof  ChrifiotKifhriA/fmorato,,.., , 

ffTQlkiiyrt  piintslU?  of  €hr^Mf3tntihri«frMf}TVtfi 

Laoc' win^  tWt^,  vn^mim  ol  Sihiztmnira  lanifffra _ 

ny.gtiMfD-i'^eiJ.    (.Scu  ChfytoltaofHt^tn.) 
•L«dy-lK«lles,  enemies  oljfpr lug  grain-apliifl  ( Trfi»pt€T^  graminum) 
L«dy bird ^  I wioe-stab bed .    ( t^  Ch Htfojrun h'irtdmruE.) 
LWQ4JKI  tt«Hl .     ( Sf«  A  daiin  hipu  ncitiin ,  > 

Lmilt^  toceidimra,  envmy  of  Puieinarla  itmu  nur^Uit, 

Lambflouarten.    (Bee  CnettopodlumO  , 

Land  plaster  and  ke^nMCaa  ftjilnrit  squaflh  bu^r ...  - { 

J,antntfi.  frwut  plsElt  ol  *  ''*r*r^^^  rnmtrvTtnT^i  ?n  , ,  . .  .  .        

Liuitu  niger  var.  amerieaniu,  attendant  on  AphU  maidi-radici* 

Lavender  flowers  frequented  by  butterflies  oiPorUia  rapst \ 

Laws  (see  also  Legislation).  ; 

against  house  flies 

relative  to  importation  of  American  plants,  trees,  and  fruits 

into  other  countries ' 

shipment  of  nursery  stock,  circular 

Leaf  beetle,  elm.    (dee  Elm  leaf-beetle.)  i 

rollers  of  strawberry,  arsenicals  as  remedy 

Leather,  gnawed  by  cockroaches I 

LeMa  atnverUriSf  enemy  of  Ltptinotarsa  dtcemUneata * 

grandis,  enemy  of  LevUnolarta  decemUntata 

Legislation  (see  also  Laws). 

against  boll  weevil j 

Lemon  oil  and  wood  alcohol  against  com  root«phis 

LtpidopUUps  tfuamiper ' 

Lepiftna  donuitica,  frequenter  of  ovens  and  flr^laces 

socdUiHfia,  circular I 

remedies ' 

Leptinotaraa  decemlineata,  circular I 

remedies 

intermedia I 
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LeptoeorUtrtvUtatutfeinnJitir 

remedies 

Lepioiraeheliu  dortalU,  enemy  of  laosoma  trttici. . 
L€ptu»ameTicanu» 

=Trombidium 

irrUaiUf  general  account. 


Circular 
No. 


Lettuce,  food  plant  oiAUffrodetvaporttHorum 

l^eueania  ufUpuncUif  circuMr 

remedies 

Leucopis  nigrkomis,  enemy  of  Aphit  goitppii 

Pulvinaria  (nnumirabilu . 

Lice  and  mites  on  poultry,  circular 

poultry .  a  sure  preventive 

"  LJeked  beef,"  meaning  of  term 

Lime  against  "green  bug" 

I>eacb-tree  Dorer 

pear  slog 

slender  seed-corn  ground-beetle 

striped  cucumber  beetle 

woolly  aphis 

ineffective  against  strawberry  weevil 

air-daked,  against  striped  cucumber  Iseetle 


Page. 


impracticable  against  house  flies . 


and  arsenical  against  peach-tree  borer t 

carbolic  acid  against  common  hen  louse 

glue  against  peach-tree  borer 

Paris  green  against  two-lined  chestnut  borer 

sulphate  of  copper  ineffective  against  strawberry  weevil . . , 

sulfdiur  against  chicken  mite 

common  hen  louse 

carbolic  add,  soap,  Paris  green,  and  clay  against  peach-tree   ( 
borer \ 

caterpillar.    (See  Raupenlehn  and  Dendrolene.) 

compounds  Ineffective  against  rose^hafer 

milk,  with  arsenicals  against  apple-tree  tent  caterpillar. . 

daked,  against  spring  gratn-apnis 

solphur,  and  salt  wash  (see  also  Lime-sulphur  wash). 

against  San  Jose  scale 

West  Indian  peach  scale. 

circular 

sdlphur  against  cotton  red  spider 

wash  (see  also  Lime,  sulphur,  and  salt  wash). 

against  apple  aphides 

San  Jose  scale 

worthless  agahist  terrapin  scale 

wash  against  periodical  cicada 

Limneriumfugkhmm,  Mrasite  of  Malaeotoma  amerkana 

Linden,  food  plant  of  uhrifsobothTU  femorata 

PuwinaTia  innumerabilit 

Linen,  starched,  eaten  by  Lepiama  taccharina 

Lkbunum  dortatum,  enemy  of  Leptinotarsa  decemUneata 

lApewut  variabUiM  on  chicken 

Lixus,  resistant  to  cyanid  fumes 


Locust,  black,  food  plant  of  Brpobia  praUiMU 

host  tree  of  CylUne  rooinUe 

borer.    (See  CfUene  robinix.) 

breeding  and  propagating  trees  resistant  to  locust  borer.. 

oolloquul  name  for  perloidical  cicada 

differential.    (See  Melanophu differtntiaiU.) 

food  plant  of  Pulvinaria  innumerabiUs 

pellucid.    (See  CamnulapeUucida.) 
Rocky  Mountain.    (See  Melanoplta  9pretu».) 
seventeen-year,  colloquial  name  for  i>modical  cicada . . . . 
two-stripea.    (See  Afelanoplua  bivittatut.) 
yellow-winged.    (See  Camnulapettueida.) 

LoUum  perenne,  food  plant  of  ToxopUragraminum 

London  purple  against  army  worm 

boll  weevil 


elm  leaf-beetle 

strawberry  weevil 

and  soap  against  i)each-tree  borer 

asinseoticrae 

LouisiaDa,  requirements  relative  to  shipment  of  nuiBery  stock . 
Louse,  destructive  green  pea.    (See  MacroHphum  piti.) 

duck,  not  same  as  nen  louse 

ffoose,  not  same  as  hen  louse 

hen.    i&ee  Menopon  pallidum.) 

pigeon,  not  same  as  hen  louse 

l4ioiftiga,  name  applied  to  cockroaches  by  ancients 
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LueUia  cxtar  in  houses,  habits 

Lpctus  planieoUit 

Lydella  dorfphorsi.    (See  Phorocera  doryphorx. ) 

Lye-eulphur  affalnst  cotton  red  spider 

Lye  water  agamst  apple  aphides 

Lff9iphUbu9  eUraphis,  parasite  ot  Aphis  gostppii 

eucurbitaphiSfWnalieot  Aphis  ffOMppii 

gQssifpii,pansiteot  Aphis  gossppii 

minutuSf  parasite  of  Aphis  gossypii 

rrftfci,  hosts 

introduction  experiments  against  Toxoptera  gra- 
minum 

parasite  of  ToxopUra  fframinum 

M. 

Machines.    (See  Insecticide  apparatus.) 

Macrodactplus  subspinoms,  circular 

remedies 

Maerosiphum  pisi,  circular 

remedies 

rudbeckix 

Maggot,  cabbage  {Pegomya  brassicm)  (see  also  Maggot,  radish). 

bisuiphld  of  carbon  as  insecti- 
cide  

general  account 

remedies 

imported  onion  (Pegomya  capetorum),  bisulphid  of  carbon 

asmsecticide 

general  account 

remedies 

radish  {Pegomya  brassiat)  (see  also  Maggot,  cabbage). 

bisulphid  of  carbon  as  insecticide, 
seed-corn.     (See  Pegomya fusciceps.) 

Magnolias,  food-plants  of  Macroaactylus  subspinosus 

"Mahogany  flat,''  colloquial  name  for  Cijnex  Uctularius 

Maine,  requirements  relative  to  shipment  of  nursery  stock 

JIalacosoma  americana,  circular 

remedies 

fragiUs,  tent  caterpillar  of  the  Rocky  Mountain  region. . 

pluviaXis,  tent  caterpillar  of  the  Pacific  Northwest 

spp.,  hosts  of  Pimpla  inquisitor 

Malaria,  carriage  by  mosquitoes 

Mallow,  food  piuknt  of  Aphisgossypii 

Mallows,  food^piants  of  ThyridopUryx  ephcmerxformis 

Man,  eyelashes  and  bits  of  toenails  eaten  off  by  cockroaches 

host  of  Dermanyssus  gaUinx 

harvest  mites,  or  "chiggers" 

Sarcopsylla  penetrans 

reported  as  host  of  Leplocoris  triviUatus 

seldom  bitten  by  SctUigera  forceps 

Mantis,  Carolina.    (See  Stagmomantis  Carolina. ) 
Manure  (see  also  Fertilizers  and  Excrement.) 

against  com  root-aphis 

"green  bug" 

breeding  place  of  Musca  domestica 

hen,  ineffective  against  strawberry  weevil 

treatment  to  destroy  house  flies 

Maple,  food  plant  of  Chrysobothris/emorata 

Malaeosoma  americana 

Pultdnaria  acerieola 

innumerobilis 

ThyridopUryx  ephtmerstformis 

Injury  by  Ceresa  bubaius 

leaf  pulvinaria.    (See  Puivinaria  aeericola.) 
scale,  cottony.    (See  Puivinaria  innumerobilis. ) 
soft.    (See  A cer  saecharinum.) 

three  species,  food  plants  of  Eulecanium  rUgrc/asciatum 

Marantas,  fumigation  vrith  hydrocyanio*acid  eas 

Margaropus  annulatus.    (See  Soophihu  annulatus.) 

Maklatt,  C.  L.,  circular,  "A  New  Nomenclature  for  the  Broods  of 

the  Periodical  Cicada" 

"Cockroaches" 

"House   Ants  (Monomorium  pharaonis 

etal.)" 

"  How  to  Control  the  San  Jose  Scale '' 

"Report  on  the  Gypsy  Moth  and  the 

Brown-Tail  Moth,  July,  1904" 

"The  Bedbug  ( amex  Uctularius  L.)" 

"The  Buffalo  Tree-hopper   (Ceresa  ftii- 
bttlusVBb.y 


Circular 
No. 
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IfABLATT,  C.  L.,  dreular,  "The  Clover  Mite  (J^ryoWa  pratefuis  Oar- 

manV' 

"The  Hewi&n  Fly  (Ceddomfia  datructw 

Say)" 

"The  House  Centipede  {SaOigera /oreept 


RatV'.. 
»Imp 


"The  Imported  Ehn  Leal4>eetle  (GqUtu- 
ce2/a<«U«oto  MtUl.)" 

"The  Lime,  Sulphur,  and  Bait  Waah'\... 

"The  Ox  Warble  {Hjmoderma  Uwata 
VlUers)" 


"The  Peach-tree  Borer  (Sannina  exUiota 
Say)" 

"The  Pear  Slug  (SriocampoideM  Umadna 
RetxiusV 

"The  Pear-tree  PsyUa  (Pt^Ua  pfricola 
Foerst.)" 

"The  Periodical  Cicada  in  1906  ( Tibken 
tepUndecim 

Lfr 

1907  ( Tibicen 
nptendtcim 
L.  race 
tredecim 
Walsh- 
Riley)".... 
"The  Silrer  Fish   {Ltpisma  ioceharijta 

Linn.)" 

"The  Tnie  Clothes  Moths  ( Tinm  pettton- 

e/toetal.)" 

"The  White  Ant  ( Termes  fUtvipet  KoU.)" 
"  The  Woolly  Aphis  of  the  Apple  {Sckizo- 

neura  teniMra  Hausmann)^ 

Maryland,  requirements  relative  to  shipment  of  nursery  stock 

Massadiusetts,  requirements  relative  to  shipment  of  nursery  stock. . 
Mtfttiola  iestruetoT  (see  also  Ctcidomyia  dtftmetor). 

circular 

remedies 

Mcadowiaito,  enemies  of  grasshoppers 

Mealy  bug.    (See  Doehflomxu  adonidum . ) 

"whHe-taUed."    (Qee  Orthezia  insists.) 

"  Meat  fly,"  coUoqulal  name  for  CalUpkan  npthrocepkala 

Medianica]  methods  (see  also  Insecticide  apparatus). 

against  army  worm 

ox  warble 


peach-tree  borer , 

rose-chafer 

round-headed  apple-tree  borer 

two-lined  chestnut  borer 

, (SeeAMalfa.) 

Megvhlnus,  distinctive  characters  of  genus,  adults 

hmmcrrkoidaUB.  distinctive  characters  of  adult 

portoriceruitf  distinctive  characters  of  adult 

larva 

mtila, distinctive  charactera  of  adult 

table  of  North  American  species,  adults 

Me§Ula  maculata,tnmj  of  Aphis  ffottfpii 

Lrptinotarfa  dicemlineata 

Macrofipkum  pM 

TaxopUra  graminum , 

MHnnoconitnt  atniut , 

melanuTut,  distinctive  characters  of  larva 

MOnopliu  bivUtatut,  enemy  of  alfalfa 

diferentialis,  enemy  of  alfalfa 

host  of  MermU  albkam 

iprehu 

host  of  Mermii  albkam 

MUUttiB  ccto.    (See  MeUttia  mivrintformU.) 

atewhUx.    (See  Melidia  satfriniformit.) 

mU§rin^ormi»,  circular 

remedies 

laphii.    (8ee  Aphis  gossppii.) 

bug,  colloquial  name  fior  Diabnlka  viUsita 

louse,  coUaauial  name  for  Aphis  gossftpH 

I  (see  abo  Cantaloupe,  Cucurbits,  Muskmelon.  and  Water- 
melon). 

food  plants  of  AkwrodesvaporarioTum 

Avhisgossfpii 

Dhbrotica  tS-punctata 

ptttote 

Memopon  biseriatum  on  chfekens 
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Circular 
No. 


Figure. 


Menopon  poOtdum,  general  account 

remedies 

Mercurial  ointment  against  ox  warble 

Merifut  destructor,  pansltB  of  Mapeiiola  destructor 

Mermis  acuminata,  probable  adult  of  Mermia  albkaju 

aJbkans.  cirbular 

spp.,  mistaken  for  Mermis  albicans 

Mesochorus  aprilinus,  parasite  of  Apanteles  eongregatus 

Mice,  hydrocyanic-acla  gas  as  remedy 

Michlgaii,  requirements  relative  to  shipment  of  nursery  stoclc 

Micrococcus  pieridis,  bacterial  disease  of  Pontia  rapx 

Micromus  posticus,  enemy  of  Aphis  gossppii 

Microplilis  catalpse.  parasite  of  Ceratomta  caUUpx 

Mignonette,  food  plant  of  Pontia  rapx 

Migrations  of  Pontia  rape 

Migratory  Instinct  among  cockroaches 

in  Cimex  lectularius 

Mnfoil.'  (SGoAehiUeamiO^oUum.) 

Millrweed.    (See  Asclepias.) 

Millet.    (See  Panicum  miliaceum  and  Bromus  unioloides.) 

Milyas  einctus,  enemy  of  Leptinotarsa  decemlineata 

Mimicry  in  Sannina  exitiosa 

Minnesota,  requirements  relative  to  shipment  of  nursery  stock 

Mint,  horse.    {See  Monardafistulosa.) 

Mlscibie  oils  against  San  Jose  scale 

Mississippi,  requirements  relative  to  shipment  of  nursery  stock 

Missouri,  requirements  relative  to  shipment  of  nursery  stock 

Mite,  chicken.    ( See  Dcrmanpssus  gauinx. ) 

clover.    (See  Bryobia  pratensis.) 

depluming.    (See  Crumidocoptes  gaUinx.) 

enemy  of  house  fly 

grasshopper.    (See  Trontbidhtm  locustarum.) 

six-spotted,  on  oranges 

Mites  and  lice  on  poultry,  circular 

enemies  of  canker-worms 

on  poultry,  a  sure  preventive 

MocMostyrax  erraticus.  disthictive  characters  of  larva 

Molasses  and  arsenical  against  boll  weevil 

Monarda  fistulosa,  food  plant  of  Anthonomus  signatus 

J/onarfArttm  ma/i,  injury  to  oak 

MonoiMrium  mimUum,  general  account 

remedies 

pikaraofUs,  enemy  of  Cimex  lectularius 

general  account •. 

remedies 

Montana,  requirements  relative  to  shipment  of  nursery  stock 

Morning-glory,  food  plant  of  Aphis  gossypii 

Morrill,  A.  W.,  circular.  "The  Greenhouse  White  Fly  (Aleyrodes 

vaporariorum  Westw.)'* 

Mosquito  netting.    (See  Screen,  wire.) 

Mosquitoes  as  carriers  of  malaria 

general  account 

of  North  America,  how  to  distinguish  the  different  spe- 
cies, circular 

tables  for  determination  of  genera 

and  species,  adults 

United  States,  key  for  determination  of  larvse,  circu- 
lar  

remedies 

Moth,  Angoumois  grain  {Sitotroga  cerealdla),  hydrocyanio-acid  gas 

as  remedy 

brown-tail.    (See  Euproctis  chrysorrhaa.) 

*  *  Buffalo. ' '    (See  A  nthrenus  scrophularix.) 

case-making  clothes.    (See  Tinea  peWonena.) 

gypsv.    (See  Porthetria  dispar.) 

Mediterranean  flotu:  (Kphestia  kuehnieUa),  hydrocyonic-ocid 

gas  as  remedy 

southern  clothes.    (See  Tineoia  biselUeUa.) 

tapestry.    (See  Trichophaga  tapetzeUa.) 

tussock.    (See  Tussock  moth,  white-marked,   and    Hemero- 

campa  Uucostigma.) 
webbing  clothes.    (See  Tincoia  biseUieUa.) 
Moths,  carpet.    (See  Moths,  clothes.) 

clothes,  circular 

hydrocyanic-acid  gas  as  remedy 

remedies 

fur.    (See  Moths,  clothes.) 

small,  prey  of  Scutigera  forceps 

Mulberry,  food  plant  of  Pulrinaria  mnumerabilis , 

Thwidopterjfx  ephemerxformis , 

Mullein^  food  plant  of  Lepttnotarsa  decemlineata , 

Murgantia  histrUmica,  circular , 
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Circalar 

•    Na 


FlgnT& 


Mufffantia  hiatrionicaf  remedies 

Mtaea  domatka  (see  ftlao  Fly,  house). 

and  other  house  flies,  remedies 

general  aooount 

insects  mistaken  therefor 

lAwdya  <tobii2aiu  (see  also  Crrtoneura  ttiOmlant). 

m  bouses 

Museums,  inlastatlon  by  Tineola  bisdUella 

Mushroom  beds  cultivated  by  tropical  white  ants 

Muslcmelon  (see  also  Qmtaloupe,  Cucurbits,  and  Melons). 

food  plant  ot  Melmiata^TinifoTmit 

Mustard  as  trap  crop  for  A  phi$  bmukM 

food  plant  of  Diabrotica  Ig^punetata 

MuTffontia  ki$trUmka 

Pontiarapm 

trap  crop  for  cabbage  aphis 

melon  aphis 

MyoetophiUd  lanre  mistaken  for  Jfermit  oOkafw 

N. 

Naphtha  against  dotlies  moths 

Naphthaline  against  clothes  moths 

itch  mite  of  chickens 

powder-post  beetles 

striped  cucumber  beetle 

and  Icerosene  Mialnst  oommon  hen  louse 

preventive  of  ill  effects  fh>m  exposure  to  "ohiggras" . . 

Nasturtiam,  food  plant  of  Pontia  rvpm 

Nebraska,  requirements  relative  to  shipment  of  nursery  stock 

Nectarine,  food  plant  of  (XmotraOUlut  fwaupkctr , 

BCoiytu*  rugviottu 

iV^eeforopftora  cvfciurbto,  the  squash  aphis 

dettmetor—  MacnMkum  plH 

Nuundo  negundo,   (See  Box-elder.) 

Netumbo,  food  plant  of  i>fo6ra(<ca  if-pttttctato. < 

JVhnorm  Uneant*,  pcuasite  of  Leueania  umhpuneta 

Neoco9tnotpon  voHnfeeta  (see  also  BacUhu  proekHphiliu). 

spread  bv  Dioftntfjoa  dttato 

Nepda  gleduma,  food  plaatQi  A  jMiiifottppU 

Netlierlands,  laws  relative  to  importation  of  American  plants,  trees, 

and  fruits. 

Netting.    (See  Screen.) 

Nevada,  requirements  relative  to  shipment  of  nursery  stock 

New  Hampshire,  requirements  relative  to  shipment  of  nursery  stock. 
Jersey,  requirements  relative  to  shipment  of  nursery  stock. . , 
Mexico,  requirements  relative  to  shipment  of  nursery  stock. . . . 

York,  requirements  relative  to  shipment  of  nursery  stock 

Zealand,  laws  relative  to  importation  of  American  plants,  trees. 

and  fruits 

Newspaper  barriers  against  ituit-tree  bark-beetle 

round-headed  apple-tree  borer 

two-lined  chestnut  borer 

Naara  Ulsrit,  enemy  of  LepHrtotana  deeemUneata 

"      *  .  -      r    .      t  ^fcemUfuata 

I  rottnium,) 

I  agataist  seed-corn  maggot 

North  CaroUna,  requirements  relative  to  shipment  of  nursery  stock. 
Dakota,  requirements  relative  to  shipment  of  nursery  stock. 

Nursery  stock,  ftmiigation  with  hvdrocyanio-acld  gas 

requlremaits  relaave  to  shipment,  circular 

Nut  weevils,  oiroular 

NympluM  ondidiMtima,  odoraf  and  rotea,  fumigation  with  hydrocy- 
anio-aoidgas 

O. 

Oak,  food  plant  of  CknaoboOiTiifemorata 

MauuoiOfmaamericafut 

MonafikrummaU 

Platnut  eompotitiu 

Pvlvmarta  inwtmenbUi* 

Tkyridopterpx  epkenuraformU 

scarlet    (See  Quercut  eoccinea.) 

white,  food  ptoatoiAgrUutbUmeatut 

yellow.    (See  Quereu$  vduHna.) 
Oats,  food  plant  of  i)fo6ro<toi /f-punctata 

EfUhript  nieotiofUB 

Letieania  urUpunda 

Siphocoffne  avttm 

V  ToxopUn  ^fcifAlfiiMii. 
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OhereaschttumUflnlvirYUiPopultumonUifera 

OchUrotatut  abfUckUt  dlstlnctfye  characters  of  larva. 

sativaUSt  distinctive  characters  of  larva 

otropoipiM.  distixictive  characters  of  larva 

ottr^fero,  distlnotive  characters  of  larva 

otirofdes,  distlDctive  characters  of  larva 

MmocutodM,  distinctive  characters  of  larva 

caiMdeTuU.  distinctive  characters  of  larva 

eanUUoTf  distinctive  characters  of  larva 

duureoboreaUt 

wnfirmahu ^ 

damnotnty  distinctive  characters  of  larva 

iupreei.  distinctive  characters  of  larva 

fttckUj  distinctive  characters  of  larva 

impiger,  distinctive  characters  of  larva 

ineonsjneuut,  distinctive  characters  of  larva 

laUviUatiu 

Uuaremiif  distinctive  characters  of  larva 

mUchelliEf  distinctive  characters  of  larva 

nivUarsU.  distinctive  characters  of  larva 

pretariif  distinctive  characters  of  larva 

puUatuSf  distinctive  characters  of  larva 

punctor,  distinctive  characters  of  larva 

terratut 

toUicUafu,  distinctive  character  of  larva 

tuboantafu.  distinctive  characters  of  larva 

8flve9tri9,  distinctive  characters  of  larva 

txniorhpnehus 

irichunUf  distinctive  characters  of  larva 

triseriatut,  distinctive  characters  of  larva 

trivittntuSf  distinctive  characters  of  larva 

varipalptui.  distinctive  characters  of  larva 

Oeneria  dUpar.    (See  Porthetria  dispar.) 

Ohio,  requirements  relative  to  shipment  of  nursery  stock 

Oil  (see  also  Kerosene  and  Petroleum). 

residuum .  against  house  fly 

washes  and  emulsions  against  San  Jose  scale 

Oil-water  treatment  against  San  Jose  scale 

Oils  against  bedbue 

ox  warble 

and  carbolic  acid  against  ox  warble 

sulphur  against  ox  warble 

Oklahoma,  requirements  relative  to  shipment  of  nursery  stock 

Okra,  food  plant  of  A  phis  gotsypii 

Dtabrotiea  It-^mnctata 

Olive,  food  plant  of  EulecaiUum  nigrcf<ueiatum 

Onion,  foodfplant  of  Pegompa  eepetorum 

•  futciceps 

maggot.    (See  Maggot,  imported  onion.) 

iftiporteoT  (See  Maggot,  imported  onion.) 
thrips.    (See  Thrlpt  tabaei.) 

Ononis  natrtXy  food  plant  of  Hylattinut  obscurxu 

OoencifTtut  anasx,  parasite  of  .^fuura  tristis 

Orange  and  other  citrus  fruits,  food  plants  of  A  phis  gossifpii 

aphis.    ( See  A  phis  gossvpii. ) 
^tefly.    i8eeAlevrod£scUri.) 
Orchard  grass.    (See  Dactglh  glomerata.) 

scolytus.    (See  Scolytus  rugvlosus.) 

trees,  injury  by  periodical  cicada 

Oregon,  requirements  relative  to  shipment  of  nursery  stock 

Oriole,  Baltimore,  enemy  of  Ctratomia  catdLpx 

Malaeosoma  amerieana 

Ornamental  plants,  food  of  Macrodactylus  subspinostu 

OHhezia  insignis  on  coleus 

Osage-orange,  food  plant  of  Pulvinaria  innumerabUis 

Pulvinaria.    (See  Pulvinaria  nutdwm.) 
Otiorhpnchus  ovatus,  mistaken  for  Anthonomus  signatus  as  straw- 
berry pest  in  Rocky  Mountain  region 

Ovens,  infestation  by  L«t>fomadome«fica 

Ox  warble.    ( See  Hppoaerma  Uneataj) 

"woimal/'  colloquial  name  for  Hypoderma  lineata 

P. 

Paehyneuron9:p.,parBsiteot  Aphis  gossypii 

PdUacrita  vemaUif  general  account 

remedies 

Pan  American  Platvpus.    (See  Platypus  composUus.) 

Panax  viciorist,  fumigation  with  hydrocyanio-acid  gas 

Pandanus  veitehU,  fumigation  with  hydrocyanio-aold  gas 
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Circular 
No. 


Figure. 


Paiiieiiiiifii<I<ae«i»m,  food  plant  of  Dfoftrotica  tt-punetata 

possible  food  plant  of  Tozovttra  graminum 

Paper,  wall,  injury  by  Lepisma  taccnarina 

wrappings  against  peach-tree  borer 

Papers,  destruction  bv  Termes  fiatdpeg 

eaten  by  Lepisma  saecharina 

Paragordhu  wniu*  mistaken  for  Mermis  albtearu 

ParasiteB  and  enemite  of  brown-tail  moth,  importation  from  abroad. 

gypsy  moth,  importation  from  abroad 

enoooiagement  ac^Jnst  bagworm 

pine  weevil 

introduction  against  "«een  buf  " 

protection  in  work  against  oatalpa  sphinx 

Parhtrmonia  pieem,  work  in  Sitka  spruce 

Paris  green  against  apple-tree  tent  caterpillar 

army  worm 

bagworm 

boU  weevil 

catalpa  sphinx ^ 

Colorado  potato  beetle 

com  root-worm,  southern 

elm  leaf-beetle 

f^  canker-worm 

tm  ported  cabbage  worm 

pear  slug 

plumcurculio 

slender  seed-oom  ground-beetle 

sprint  canker-worm 

strawbeny  weevil 

striped  cucumber  beetle 

and  Bordeaux  mixture  against  strawberry  weevil 

bran  mash  against  imported  cabbage  worm 

com  meal  ai^lnst  tobacco  bud  worm 

lime  against  two-lined  chestnut  borer 

plaster  ineffective  against  strawberry  weevil 

salt  and  horse  droppings  against  grasshoppers 

yellow  -   winged 

locust 

soap  against  peach-tree  borer 

asinsectfoide 

carbolic  acid,  soap,  lime,  and  clay  against  peach-tree 

borer 1 

originally  used  as  insecticide  to  destroy  Colorado  potato 

beetle , 

useless  against  chestnut  weevils. 

Parthfloogenesls  in  LytipM^frtw  <H/id , 

Paahnaehu  eton^ohw,  enemy  of  LepHnoUtna  decefnUneata 

Paste  eaten  by  cockroaches 

Lepisma  saccharina 

Pasturing  against  clover  root-borer 

Pea  aphis.    {See  Maerotiphumpisi.) 

food  ptBOit  ot  Dialfrotka  vittaia 

Hylattintu  obscuru* 

Macrodaetjflue  eubepinonu 

Macrotipkum  pisi 

Peffomfafutciceps , 

louse,  destructive  green.    (See  Macrotipkum  pisi.) 

sweet,  food  plant  of  DiabroHca  It-puncUUa 

Maerosiphu  m  pisi 

Peach,  food  plant  otStfobia  praiensis 

Chrpsobothrisfemorata 

Corwtnchelus  nenuphar 

Diabrotiea  It-puncUUa 

Diaspit  peiUagona 

EulecamummgTi^aseiatum 

Ltptoeoris  trimtatus 

Hacrodaetylus  subspinosus 

MaJacosoma  amerieana 

Puivinaria  innumerabilis 

San  Jose  scale 

Seolytus  ruguiosus 

rosette,  quarantine  regulations  of  foreign  governments  a^Unst 

introduction  from  the  United  States 

soft  scale  of  Europe.    (See  Eulecanium  persiex. ) 

tree  borer.    (SeeSanninaexiaosa.) 

yellows,  quarantine  regulations  of  foreign  governments 

aeainst  hitroduction  from  the  United  States 

Pear,  Bartlett,  seriously  injured  by  PsyUa  pyrieola 

Buffon,  not  seriously  it^ured  by  Psyua  pyrieola 

I>nche88,  seriously  injured  by  P»yKa  pyrfcote 

Bwarf  Lawrence,  serknisly  injured  by  PsyUa  pyrieola 

toodiSiiaDXQt  Apm  gostypU 
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Tear,  food  Tiantot  Aphis  mali 

maWolUt 

Bryobia  praUfuU 

Ckrysoboihritfemorata 

Conotraehelut  nenuphar 

Diabrotka  It-pundata 

Erioeampoidei  limaeina 

EuUcanmm  nigrofasdaium 

EuprocHs  ehrytorrhaa 

Macrodactylut  aubtpinoius 

Malacotoma  amerkana 

Ptytta  pprieola .* f 

Ptuvinaria  innumeralrilis 

San  Jos©  scale 

Saperda  Candida 

Seolytut  ruffulottu 

Siphoeonne  avenm 

Sliefler,  not  seriously  Injured  by  PtyUa  pyrieola 

LeConto,  not  seriously  injured  by  PtyUa  pprieola 

slug.    (See  Erioeampoida  Umaeina.) 

Standard  Lawrence,  not  seriously  injured  by  PsyUa  pprieola.. 

treePsylla.    (Bee  PsvUa  pyrteola.) 

Pecan,  food  plant  01  BatonmtMcarya; 

weevil.  i8ee  Balaninut  carvae.) 

Pedieuloidetventrieoaiu,  enemy  othotonuitrHiei 

PtgomifabrasticM,    (See  liafgot,  cabbage,  and  MaKot,  radish.) 
cepetomm.    (See  Maggot,  imported  oniony 

fuicieept,  general  account 

remedies 

Pennsylvania,  requirements  relative  to  shipment  of  nursery  stock. . 

PentUia  sp.,  enemy  of  Tetranychus  aloveri 

Pepper,  food  plant  of  Leptinotarta  aecemlineata 

grass,  food  plant  ot  Aphi$  gonypii 

Peppermint  as  remedy  for  "chiggors" 

Pemlut  cireumcinehUf  enemy  oiLepHnotar»a  decemlineata 

daudttf,  enemy  of  Lepdnotana  deeemlineata 

iMlacosoma  americana 

Periodical  cicada.    (See  Cicada,  periodical.) 

Perij^neta  americana,  general  account 

remedies 

auttrakuimt  general  account 

remedies 

ffermaniea.    (See  BlatteUa  germaniea.) 
orientalis.    ( See  Blatta  orienUUis. ) 

Persimmon,  food  plant  of  Oonotrachelue  nenuphar 

Petroleum  against  locust  borer 

whiter  ants 

yellow-winged  locust 

crude,  against  San  Jose  scale 

emulsion,  crude,  against  apple  aphides 

soap  emulsion  agamst  San  Jose  scale 

Petunia,  food  plant  of  Lepunotarta  deeetnlineata 

Phalanghim  doreatum,    (Bee  Liobunum  doreatum.) 

Phillips,  E.  F.,  circular,  **  The  Brood  Diseases  of  Bees " 

PhiUnUhue  apiealis,  enemy  of  Leptinotarta  deeemUneata 

Phorbia.    (dee  Pegomya.) 

etparufn-^Pegoinya  eepetorum 

Phomia  ttrrxnovK  in  houses 

Phorocera  doryphorK^  enemy  of  Leptinotarta  decemlineata 

Phorodon  Aumttii,  circular 

remedies 

Phosphorus  paste  against  cockroaches 

Phrmum  varieqatumt  fumigation  with  hydrocyanio-aoid  gas 

Phyuobstnut  du/oco/iM,  enemy  of  Scolytvs  rugulosue 

PhyUodromia  germanica.    ( See  BlatteUa  germaniea.) 

PhyUoatieta  catalpx,  a  leaf-spot  disease  of  catalpa 

Phylloxera  ofgrape  ( Phylloxera  vastatrix),  insecticides 


Phymata  wolmi,  enemv  of  Pontia  rapx . . 

Fhysalis,  food  plant  oi  Leptinotarta  aecemlineata 

Phytolacca  decartdra,  food J>lant  of  Tetranychut  gloveri 

food  plant  of  Diabrotica  It^puncUUa 

Phiytonomut  punctatut,  fungus  enemy 

the  clover-leaf  weevil.work  in  relation  to  that 
of  clovei -flower  midge  (Datyneura  legumi' 
nicola) 

Picea  titchentit.    (See  Spruce,  Sitka.) 

"Pickle brood."   (See  Brood, pickle.) 

"Pioudo,"  Mexican  name  for  Anihonomut  grandia 

Pierit  rapts.    (See  Pontia  rapx.) 
Pigeon  grass.    (See  Ixophorut  gtaueua.) 

mite,  not  same  as  poultry  mite 

Pigweed.    (See  Amaranthus.) 
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Otacolar 
No. 


Flgoze. 


Pimpta  ammUpet,  parasite  of  MalacotonM  armriMna 

eonpUtitor,  parasite  of  MaUuMoma  americana 

TkyriiopUryx  ephemerxformis 

inftUsUor,  parasite  of  Mdlacotoma  amerieana 

Thyridoptervx  ephemera^ormU 

tnssock  moth  and  Malaeotoma  spp. 

pedaiit,paraa'i^ot  M/^i'  uncricana 

Pin  b  Ofer,  gfrdled-cy press*    ( is  r-t'  /  ,'  t  hjj^it.f  LompotUtu. ) 
tjofers^  injun'  to  ^irdJed  eyprc?ss. 


woiTDSt  injury  to  ^trdled  cyprcfjiH., 
Fine,,  d^trtMf tioii  hy  IfentiTodonus  fmniaiijf . 


iack,,  host  tre<?  of  Pwf}4t«  ^tjohi, 
od^pol«.    (See  Ptmu  mtirm yana.) 
pitch|^bt}fit  tree  of  Fi^nodm  tftrobi 

whitf ,  host  trw  of  PUiodu  sif^bi  — 
vellow.    (See  Pifiua  pondtrota.} 
lie  mlury  to  girdled  oypreaa,  cJirOil 

PmdTxtonuf  sp. 


Plniiole  mluTY  to  girdled  oyjireaa,  cJiroijlar 


rdloTi^'[}lne  hiirk  maggot. 
harknKif-uol. 


DiJidroetonus  sp 

Pipiza  radkum^  enemy  of  Schizoneura  lat^era 

Piaaodet  ttrotritOiicvlai 

remedies 

Pitch-worm,  spruce.    (See  Parharmonia  pieex.) 

Plantain,  food  plant  of  Aphis  gouypii 

Plant  bug,  box-elder.    (See  Leptocoria  trivUtatus.) 

foliage  seldom  if  ever  eaten  by  cockroaches , 

lice  (see  also  Aphides). 

hydrocyaiUo-ecid  gas  as  remedy 

louse,  apple-root.    (See  Apple  root-louse  and  Sehizoneura 

pfoducts,  food  of  cockroaches 

Plaster,  land,  against  striped  cucumber  beetle I 

and  turpentine  against  squash  bug 

impracticable  against  house  flies / 

of  Paris  against  carpet  beetle 

cockroaches 

and  sulphur  against  cotton  red  spider 

Platvgtuter  herrkkU,  parasite  oiMajfUioia  deHnietor 

sp.,  parasite  of  Malacoaoma  amerkana 

Plahfg€rr\u9  ( ?)  aoolyiif  parasite  of  Scolytus  rugvlonu 

PUtjmua  compotUtUf  tnfury  to  girdled  cyiaress 

Ptowtaig.    (See  Cultural  methods.) 

Plowrightia  morbota,  food  of  Conotrachdtu  nenuphar 

Phmi  curculio.    (See  CJurculio,  plum.) 

food  plant  of  Bryobia  pratensia 

Chiyaobothriaftmorata 

Conotraehdua  nenupiMT 

DinupU  penUtffona 

Eriooampoidea  limaeina 

BuUeanlum  nigi^aadatum 

Leptoeoria  trivmaiua 

iMerodaOfUu  aubapinoatu 

Malaeoaoma  amerkana 

Phorodon  humvli 

PiUvinarkt  innumerabUia 

San  Jose  scale 

Sannina  exUioaa 


Scblvtua  rugiUoaua 

Siphoeoryne  avenat 

Pluaiabraaakx.    (SeeAutoffraphabraaakx.) 

Pneumaatkx  aignuer,  distinctive  characters  of  larva. 

Poa  prattnaia,  food  plant  of  Toxoptera  graminum 

Podagras  rutftdonM,  enemv  of  Macroaiphum  piai 

Podiaua  cyniciM,  enemy  ofLepHnotaraa  decemlineata 

maettUventria,  enemy  of  LepHnotaraa  decemlineata . 

modeatuay  enemy  of  Malaeoaoma  amerkana 

pladduaf  enemy  of  Malaeoaoma  amerieana 

aerieventrit,  enemy  of  Malaeoaoma  amerieana 

apiwmu,  enemy  of  Malaeoaoma  amerieana 

Pontia  rapx 

=Podiaua  maadiventria 

Poison  ihmkoentipede  bites 

,  food  plant  of  Pulvinaria  innumerabilk 


ivv,  food  plant  of  Pidvinaria  kinumerabi 

Poisoned  bolt  aeainst  grasshoppers 

Poisoning  from  hairs  ol  brown-tail  catarpUlars . 


Pokeberry.    (See  Phytolacca  (feoandro.) 
Pokeweed.    (See  Phytolacca.) 

PoUaUa  pattipea  and  other  wasps,  enemies  of  Pontkt  rapx.. 
enemj  ci  Lepttnotaraa  dec&mlineata 
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Circular 
No. 


Figure. 


PoUstes  rvMffinosttS,  enemy  of  Lepiinotarta  iecemlineata , 

PdOenia  rudia  in  houses,  habits 

Polygnotua  hiemalis,  parasite  of  Mayetiola  destructor 

minutiUt  parasite  of  Mayetiola  destructor 

Pcijmoffon  motupeliensia,  food  plant  of  Toxoptera  graminum 

PonUa  protodke,  the  southern  cabbage  butterfly 

rapas,  circular 

remedies - 

Poplar  (see  also  Cottonwood). 

Carolina,  food  plant  of  EulecaiUum  nigrofasciatum 

Bryobia  pratensis 

Malacosoma  americana 

Pidvinaria  innumerabUit 

Thyridopteryx  ephemerxformis 

Populut  monU^era,    (See  Cottonwood.) 
Porter's  chess.    (See  Bromus  porteri.) 

Porthetria  dUtpar,  means  of  control 

report  on  conditions  in  New  England,  July,  1904. 

Porto  Rico,  requirements  relative  to  shipment  of  nursery  stock 

Potato  beetle,  Colorado.    (See  Leptinotaraa  decenUineata.) 

bug,  colloquial  name  for  Colorado  potato  beetle 

food  plant  of  blister  beetles 

Diabrotica  li-punctata 

Epicauta  vittata 

Leptirutarsa  decemlineaia 

Pegomyafuscicept 

of  Termes  fiavipes 

PotenHUa  eanaderuU,  food  plant  of  ArUhonomui  signatus 

Poultry  (see  also  Fowls  and  Chicken). 

houses,  infestation  by  Cimex  lectularivs 

mites  and  lice,  circular 

Powder-post  beetles,  remedies 

injury  to  seasoned  wood  products,  circular 

Praon  eeraaaphis,  parasite  of  Macrosiphum  pisi 

"Preussen,"  colloquial  name  for  Blattella  germanka 

Primula,  food  plant  of  Aleyrodea  vaporariorum 

Privy,  box,  breedhig  place  of  house  flies 

ProetoeatUhw  mifl»erttt,  enemy  of  Leptinotarsa  decemlineaia 

Promachut  aaperdm—  Cenocouius  populator 

Prune,  food  plant  of  Bryobia  prateruit 

Pruning  against  apple  aphides 

Prunu8  simonii,  food  plant  of  Eulecanium  nigrofoKiatum 

Psorophora,  distinctive  characters  of  adults 

eiliata,  distinctive  characters  of  larva 

synonyms 

Kofoardi,  distinctive  characters  of  larva 

Psylla,  pear-tree.    (8(»  Ptylla  pyricbla.) 

pyricola,  circular 

remedies 

aimutafU"  winter  form  of  PsyUa  pyricola 

Pteromalut  bimaculatus,  jMtrasite  of  Scolyiut  ruguUmts 

sp.,  x)arasite  of  Malacosoma  americana 

puparum,  parasite  of  Pontia  rapx 

Publications  of  the  Bureau  of  Entomology,  list,  circular 

PuUx  irritana,  not  the  common  species  in  houses  in  the  United  States 

aerraticepa,  general  account -' 

remedies 

PuMnaria  acerieola,  the  maple-leaf  Pulvinaria 

innumerabUia,  circular 

remedies 

madurx.tbQ  osage-orange  Pulvinaria 

Pumpkin  (see  also  Cucurbits). 

food  plant  of  Anaaa  triatia 

Diabrotica  i$-punctata 

Umgicomia 

vitUUa 

MelUtiaaatyriniformU 

Purslane,  food  plant  of  A  phia  goaaypii 

Pyrethnun  against  clover  mite 

cockroaches 

fleas 

house  centipede 

hnported  cabbage  worm 

melon  aphis 

mosquitoes 

silver  fish 

striped  cucumber  beetle 

ineffective  against  rose-chafer 

strawberry  weevil 
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Clronlar 
No. 


Figure. 


Qnafl,  enemy  of  boU  weevil 

naashoppers 

XepHnotarta  deeemUneata  and  chinch  bug 

QUAINTANCE,  A.  L.,  ciicular,  "The  Aphides  AfleoUng  the  Apple".. 
''The   Apple-tzee   Tent   Caterpillar 

( Malaco9oma  americana  Fab.)  ^* 

isia  decoctions  ineflectlve  against  roee-chafer 

9  mofoefttiMM,  enemy  of  i^«p<inotarM  deecmliiuato 

9  eocehua,  fbod  plant  of  AjrU'OB  bilineatui .*. 

vehMma,  food  plant  of  AarUut  bUifneatut 

Qoinoe,  ftx>d  pUmt  of  Diabrotiea  it-^punetata 

EuUeaniumnlgr<^a9eiatum 

San  Jose  scale 

Saperda  Candida : 

SeolytusruguUmts , 

Siphocorfne  avenx 


Radish,  food  plant  of  MurganOa  kistrionka 

Pegomya  bra$siae 

fuaekept 

PontiarapK 

maggot.    (See  Ma^xot,  radish,  and  Maggot,  cabbage.) 

Ragweed,  food  plant  of  A  pMi  maidi^adkia 

Diabrotiea  longicomis 

ThyridopUryx  ephemerxformia 

Toxoptera  graminum 

Rain.    (See  Weather.) 

Rape  butterfly,  colloquial  name  for  Pontia  rapm 

trap  crop  for  melon  aphis 

EajMUlui  maeuiatu*,  parasite  of  Scdlutui  ruguUmu 

Raspbory,  black-cap,  food  plant  oiArUhonomut  signatus 

food  plant  of  Diabrotiea  It-puncUUa 

Rats,  hydrocyanic-acid  gas  as  remedy 

Raupeiueim  against  two-lined  chestnut  borer 

RedDud  tree.    (See  Cercia  eanaderuit,) 

cultivated.   (See  Cereis  cMnemii.) 

Red  bug,  colloquial  name  for  harvest  mite  or  "chlgger" 

coat,  colloquial  name  for  Cimex  Uetuiariua 

spider,  confusion  with  clover  mite 

cotton.    (See  Tetranpehusjfloveri.) 

spiders  on  Phytotacca  deeandra  Kna  Xanihium  spp 

Redwood,  California,  not  injured  by  white  ants 

"Reptile,"  colloquial  name  for  MermU  albicans 

Resin  wash  against  aerial  form  of  woolly  aphis 

grape  Phylloxera  and  apple  root-louse 

washes  against  San  Jose  scale 

as  insecticides 

RMMopkamu  bipunetatu$t  enemv  of  Scolytua  ruguUmu 

Rhode  Island,  requirements  relative  to  shipment  of  nursery  stock . . 

Bkoga$inUTmedinMfTMmuteoi  Maiacosoma  americana 

Rhubarb,  food  plant  of  Diabrotica  ii-punctata 

Bkyndtolophiu  panmt,  enemy  of  liacrosiphum  piti 

[RiLET,  C.  v.],  circular,  "Condensed  Informatfon  Concerning  Some 

of  the  More  Important  Insecticides" 

"The  Hop  Plant-louse  and  the  Remedies 

to  be  Used  Against  It" 

RivoUatia  bifwrcata  on  fowls 

Roadi.    (See  Cockroach.) 
Road  dust.    (See  Dust.) 

Robin,  enemy  of  Lepthtotaraa  deeemlineala 

RoblMia  pteudacaeia.    (See  Locust,  black.) 

Roeky  Mountain  locust.    (See  Melanoplut  tprehu.) 

RdUng  against  "green  bug" 


Root  borers  of  strawberry,  arsenicals  as  remedy 

maggots  and  how  to  control  them,  circular 

Roee-ehai&.    (See  Macrodactylut  aubajAnonu.) 
Rose,  Ibod  plant  of  Aletrodea  vaporarUnum 

Diabrotica  li-punctata 

Maerodaetfflua  aubapinoaua 

Makicoaoma  americana 

PnMnaria  innumerabilia 

San  Jose  scale 

Roses,  ftimigatfon  with  hydrocyanio-acid  gas 

white ,  attractive  to  rose-chafer 

'RxaDeXf  toodiplant  of  ApMaaoaamii 

"Russen,"  C(Mloquial  name  lor  BmUOa  germanica . . . 
"Rust  mite,"  oouoqulal  name  for  Tetranychua  gloveri 
Rosts,  food  of  Diabrotka  longieomia 


Rye,tood];rfantof(Cbc«oin|rfa)  Mayatioia deatrudor H     ^^'^mxze6b  GoOqIC- 
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Ciioular 
No. 


Figure. 


"Rje^toodplant  ot  Diabrotica  ii-punetata 

Siphocoryne  avmx 

Toioptera  graminum 

slender  wilcU    (See  Elymw  striatut,) 

S. 

Sabethin®,  distinctive  characters  of  larv» 

Saleratus.    (See  Soda.) 

Salt  against  com  root-a^his 

grass.    (See  Diatichlia  roicata.) 

Paris  green,  and  hone  oroppings  against  grasshopi 

yellow-wingBd  locust. 

water  I  hot ,  against  nu  t  weevils 

preventive  of  ill  effects  ftom  exposure  to  "chlggers  " . . . . 

Salvia,  food  plant  of  A  Uyrodes  vaponoioTum 

Sand  and  kerosene  against  seed-oom  maggot 

bur.    (See  Solanum  rottrutum.) 
flea.    (See  SarcopayUa  penetrans.) 
SAin>EB8,  J.  O.,  circular/' The  Cottony  Maple  Scale  {Pvivlnaria 

innum^raMZwRathvon)" 

"The  Terrapin  Scale  (EulecaTUum  niffro- 
/(udoatm  rergande)" 

Sonnlna  aitiow,  circulars 

remedies 

opote»c«M,  pest  on  Pacific  ooast 

Saperda  Candida,  gezieral  account 

remedies 

cr<(aAi,  brief  accoimt 

remedies 

SorcopAd^  dfnMcM,  i>arasite  of  grasshoppers 

oeorffina,  parasite  of  grasshoppers 

hwUeri ,  i>ara8ite  of  grasshoppers 

Sarcopeylla  penetrans,  the  pernicious  sand-flea  of  tropical  America. . 

Scalding  against  chestnut  weevils 

Scale,  cottony  maple.    (See  Pulvinatia  innumerabttis.) 

insects  on  citrus  trees,  hydrocvanio«cid  eas  as  remedy 

pests  in  greenhouses  and  cold  frames,  hydrocyanic-acid  gas  as 
remedy  ...•...,........•.............••.••.-...••••••.••••« 

quarantme'reguiations  of  New  Zesiland  against  introduction. . 
red.    (See  Aonidia  aurantH.) 
aanJoBe{Aspidiotuspemictosus),tJi  Important  enemy   to 

ftuit  trees,  circular 

quarantine  regulations  of 
foreign  govunments 
against  introduction  on 
American  plants,  trees, 
and  fruits 

remedies 

resin  wash  as  insecticide. . . . 
terrapin.    (See  EfOecanium  nUfrofaseiatum.) 
yellow.    (See  Aonidia  auraniif.) 
<' Scaly-leg"  of  fowls,  caused  by  the  "itch  mite"  CnemidocopUs 
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Seenopiniu  fenestraliSf  in  houses,  habits 

Scent  glands  of  cockroaches 

Scheele's  green  against  apple-tree  tent  caterDillar 

Colorado  potato  beetle 

Schistocerca  amerieana,  host  otMermis  albleans 

ScMsoneura  lanigera  (see  also  Apple  root-louse). 

enemy  of  appl  e ^ 

general  account , 

remedies 

"Schwaben,"  colloquial  name  for  BlatUUa  qermanica 

SCHWABZ,  B.  A.,  circular,  "  The  Periodical  Cicada  In  1897" 

"The  Periodical  Cicada  inl898" 

Scirpus,  food  plant  of  Diabrotiea  IS'punetata 

Scolytus,  orchard.    (See  Scol^ftus  rugulosus.) 

ruifUlosuSt  circular 

remedies , 

Screening  against  house  flies 

mosquitoes 

Screen,  wire,  against  peach-tree  borer 

round-headed  apple-tree  borer 

Screw-worms,  attracted  to  wounds  of  North  Amertcan  fever  tick  on 

sheep 

ScuOgem forceps.   (See  Centipede,  house.) 
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8c§mnu*  eamdaUSf  enemy  of  Apk{$  ,     ,, 

eervteaUt,  eDemy  ot  Apkit  gouppu 

Schizoneura  lanigera 

Urminatuty  enemv  ot  Apki»  ffouppU 

Seed  com  maggot.    (See  reQomyafiuckept.) 

treatment  before  planting,  to  rq>el  com  root«phiB 

Semtatdlui  ekalddipkagtu,    (See  Homoporut  ckaleUipKaifua.) 

Senecio,  food  plant  of  Diabrotka  tt-punctata 

Septit  vMaeea  in  houses 

"Serpent,"  ooUoqnial  name  for  Mermis  alHearu 

"Seventeen-year  locust/'  colloquial  name  for  periodical  cicada. 
Shade  tree  insects,  control  in  cities  and  towns,  circular 


trees,  food  plants  of  Bryobia  vrateruit, 
._. —  ^_  "  ^  '^treeJiopper., 


injury  by  buflalo  t 
Shaking  treatment  against  American  and  European  foul  .brood. 
Sharpshooter,  glassy-winged.    (See  Homalodiaca  coagulata.) 

incorrect  name  for  AnAonomut  grandia 

Sheen,  )ioet  of  BoophUut  cmnuUUua,  circular. 


Shfl||uierd*8  purse,  food  plant  of  ApkiaaotypU. 

Ship  biscuits,  destruction  by  oockroacnes 

Shot-borer,  colloquial  name  for  Scolptut  ntgtUonu. 

Shrew,  short-tailed.    (See  Blarina  brevieauda.) 

Shrike,  loggerhead,  enemy  of  grasshoppers 

Sigaiphua  eurettlionii,  ponsite  ot  Conolraeheliu  nenuphar 

Tar.  rtf/ttt,  parasite  of  Conotraehelut  nenuphar. 

IIMotor,  parasite  oiAnuUmomut  $ignatu» 

Silk,  damage  by  l^pfoma  sooeAorina 

Silver  fish.    (See  LepUma  taecharina.) 

Aimpfoearia  ni/ida,  association  with  CheOoiia  aJa$kensi» 

8DIF80N,  C.  B.,  circular,  "The  Yellow-winged  Locust  (CbmntOa 

©d/iic««  Scudd.)" 

Sinea  dtadema,  taaemj  ot  LepHnotaraa  deeemiineata 

aipkoeoryne  avenx,  enemy  of  apple 

general  account 

remedies 

Siphtmophoradtrtfom,    {Bed  A^  cUrifolH.) 

cueurbUx.    (See  Nectarophora  cucttrbttx.) 

Straps,  infestation  by  house  ants 

Sitotroga  cereaUUa,  we  Angoumois  grain  moth 

'*  Skein  "  centipede,  colloquial  name  for  Seutigeraforeepa 

SkhajtoodotTrkhophagatapetzeUa 

Skonk,  enemy  of  nasshoppers. 

tjepttnotOTta  deeenUneata 

"Stag,"  colloquial  name  for  larva  of  LepUnotarsa  deeemlineaia 

ErioeampoMti  Hmaeina 

worms,  colloquial  name  for  Kriocampoldea  Hmaeina 

Stags  of  strawberry,  arsenicals  as  remedy 

Smartweed,  food  plant  of  iipftfo  moktt-radiciff 

Siabrotica  longieomie 

&iake,  ooUoquial  name  for  Mermis  albieant 

enemy  of  grasshoppers 

worm,  colloquial  name  for  Mermia  albicant 

Snftkes,  enemies  of  Ltptinotaria  decemlineata 

Snuffboxes,  breeding  place  of  Mvaea  domeetica 

So^>  and  carbolio  add  affBJnst  fruit-tree  bark-beetle 

peach-tree  borer 

round-headed  apple-tree  borer 

caustic  potash  against  round-headed  apple-tree  borer 

London  purple  against  peach-tree  borer 

Paris  green  against  peaob-tree  borer 

washing  soda  against  round-headed  apple-tree  borer 

carbolic  add,  Paris  green,  lime,  and  day  against  peach-tree 
borer 


fbh-oil  (see  also  Soap,  iniiale-oll). 

against  ihiii-tree  bark-beetle 

hop  plant-louse 

round-headed  apple-tree  borer . . . 

sotations  against  melon  aphis 

squash  bun 

wash  against  fruit-tree  barl^beetle 

pear  slug 

treatment  against  San  Jose  scale 

washes  against  two-lined  chestnut  borer 

woolly  aphis 

whaleK>U  (see  also  Soap,  flah-oU). 

against  apple  aphis 

cottony  m^le  scale 

fruit-tree  bark-beetle 

greenhouse  white  fly 

round-headed  apple-tree  borer. 

"green  bug" 

ineffective  against  strawbory  weevil . . 
sods,  hot,  against  fleas 
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Soapy  water  against  itch  mite  of  fowls 

preventive  of  ill  effects  from  exposure  to  "chiggers" ... 

Soda  and  arsenite  of  lime  against  Colorado  potato  beetle , 

soap  against  round-headed  apple>uee  borer 

remedy  for  '^chlggers" 

j9oIanum  comtitom,  probable  food  plant  of  LeptinotarM  decemli- 

neata 

rortratumftoodplMitotJjepttMtaraadecemlineata 

Soldier  bug,  armed.    (See  Podiitu  tphumu.) 

bordered.    (See  SttrOnu  anchorago.) 
Solidago.    (See  Ooldeniod.) 

Soot  against  root  form  of  wooll v  aphis 

Sorbus  axteuparia,  food  plant  oiA^ia  mrbi 

domeitka,  iood  plant  ot  Aphis  sorbi 

torminalii,  food  plant  of  Aphis  sorhi , 

Sorghum,  ibod  plant  oiAphia  maidis , 

Dtabrotica  longieomis 

DitttrtM  saechttralis  [larger  com  stalk-borer]. . 

Toxoptera  fframinum 

South  Carolina,  requirements  relative  to  shipment  of  nursery  stock. 
Dakota,  requirements  relative  to  shipment  of  nursery  stock. . 

"Bpaaiet,"  colloquial  name  for  BlatUlla'germaniea 

Sparrow,  chipping,  enemy  of  Malaeoaoma  americana 

English,  enemy  of  Leptinotana  decemlineata 

PulvinaTia  innumerdbUia , 

Spartinum  scovanum,  food  plant  of  HyUuHnus  obtcurus 

Spaihius  pallidtu,  parasite  of  Chrysobothria/emorata 

»imiUimus,ipttnsite  of  Agrilui  biltneatus 

Spelt,  food  plant  of  Toxoptera  graminum 

Spharophona  cylindrica,  enemy  of  Macrosiphum  pisi ^ 

Spheeiw  speciotua,  range  extending  northward 

Sphenophorus,  resistcmt  to  cyanid  fumes , 

Sphinx,  catalpa.    (See  Ceratomia  eatalpm.) 

catalpaSf  same  as  Ceratomia  eanlpm 

Spice  bush.    (See  Benzoin  benzoin.) 
Spider  plant.    (See  Cleome.) 

Spiders,  enemies  of  LevUnotarea  decemlineata 

Sehizoneura  lanigera 

Spike-grass,  marsh.    {See  Dittiehliz  spiexUa.) 

Smlochaleie  marix,  parasite  of  Thyridopteryx  ephemerstformis , 

Bpiloervptut  extrematus,  parasite  of  Malaeosoma  americana 

Spbiacn,  food  plant  of  Aphis  gossypii 

Spinea,  flowers,  food  of  Anthrenus  scrophuiarix 

Spiraeas,  food  plants  of  Maeroda4aylus  subspinosus 

spifochsUa  apu«-giant  whips  of  Bacillus  larvm 

Sporotrichum  globuliferum,  fungous  disease  of  grasshoppers 

Spraying  apparatus.    (See  Insecticide  apparatus. ) 

Spruce,  destruction  by  Dendroctonus frontalis - 

host  tree  of  Pissodes  strobi 

Sitka,  host  tree  of  Parharmonia  pieess 

Sitka  spruce  bark  maggot  (probably  Chei- 

losiasp.) 

Squash  (see  aiso  Cymling  and  Cucurbits). 

aphis.    (See  Nectarophora  eucurbitse.) 
bug.    (See  Anasa  trtstis.) 

black.    i8ee  Anasa  tristis.) 

food  plant  of  Anasa  trisUs , 

Diabrotiea  ii-^nctaia 

longieomis • 

frittata. 

Melittia  stUwirU/ormis.,. . . '. .  .* ................ 

Hubbard,  food  plant  of  Dtabrotica  vittata 

marrow,  food  plant  of  Diabrotiea  vittata 

vine  borer.    (See  Melittia  satyrin^ormis.) 
Stable  fly.    (See  Curtoneura  stabulans,  Muscina  stabuians,  and  Sto- 
moxys  cakitrans.) 

Staamomant^  Carolina,  range  extending  northward 

Stalk-borer,  larger  com.    (See  Diatrsca  saccharalis.) 

Starch,  eaten  by  Lepisma  saccharina 

Steam  against  carpet  beetle 

powder-post  beetles % 

Stegomyia  caXomu,  distinctive  characters  of  larva 

8tenawhium  Imdenii,  fumigation  with  hydrocyanio-acid  gas 

Stenomesius  aphidicola,  parasite  of  Aphis  gossypii 

Sticky  fly  paper  against  house  flies 

SUetonotus  isosomatis,  parasite  of  Isosoma  tritki 

Stink  bug,  common  name  for  Anasa  irisUs 

Stipa,  green.    (See  Stipa  viridula.) 

viridula,  food  plant  of  Toxoptera  graminum 

Stiretrus  anchorago,  enemy  of  Leptinotarsa  decemlineata 

Stomoxys  cakitrans  in  houses,  mistaken  for  Musca  domestka 

Stored  foods,  drugs,  and  vegetables,  eaten  by  Lepisma  saccharina . . . 
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Straw  barrierB  against  fruit-tree  bark-beetle 

peach-tree  borer 

Strawberry  orown-glrdler.   (See  Otiorkifnehut  omitut.) 

food  plants  of  AUyrodes  packardi 

Anthoftomu$  siffnalui 

ApkU  ffo»9ypii 

slugs,  arsenicals  as  remedy 

Tarieties  preferred  as  food  plants  by  Anthonomtu  tigna- 

tU8 

weeviL   (Bee  AnUumomiu  tignahu,) 
white  fly.    (8ee  AUprodes  packardi.) 

wQd .  food  plant  of  Anthonomu*  iiffwUtu 

"Striped  bug,"  colloquial  name  for  DiabroUca  vittata 

atglopggaorientalis,   {Bee  Blatta  oriefHaUi.) 

Submersion  in  water  against  pin  borers  in  cypress  and  gums , 

Sugar  and  borax  against  ants 

Sugar  cane  borer.    (See  DUUrxa  saceharalia.) 

food  plant  otDiatrxa  tacekaraUt 

Sugars,  infestation  by  house  ants 

Suq;>hate  of  copper  and  lime  ineffective  against  strawberry  weevil.. 

potadi  against  seed-corn  maggot 

Sulphur  (see  also  Brimstone). 

against  cockroaches 

cotton  red  spider 

"green  bug" 

and  flour  against  cotton  red  spider 

lime  a^iinst  chicken  mite , 

ooDunon  hen  louse 

oils  against  ox  warble 

plaster  of  Paris  against  cotton  red  spider , 

road  dust  against  cotton  red  spider 

vaseline,  preventive  of  ill  enects  from  exposure  to 

"ohiggers*' , 

dfoxld  against  carpet  beetle 

lumigation  andnst  bedbug 

ointment  against  itch  mite  of  fowls 

•  preventive  of  ill  effects  from  exposure  to  '^chiggers" 

Somao,  food  plant  of  Macrodaetplus  stibspinXmu 

Sunflower,  foiod  plant  of  Diatfrotica  IS^nctata 

lonfficoTfii$ 

vittata 

wOd,  food  plant  of  Diabrotica  It-punetata 

Sunlight  against  chicken  mite 

clothes  moths , 

Swallows,  cliff  or  eaves,  host  of  Cimex  sp , 

Sweets,  infestatfon  by  house  ants 

Switserland,  laws  relative  to  importation  of  American  plants,  trees, 

and  fruits , 

Sycamore,  food  plant  of  Chryaobothrisfemorata 

EiUecanium  nigrofaadatum 

PnMnaTiaimnum€rabili» 

8frpkoetonm$  maeulifrofu,  parasite  of  Cheiiotia  akukemis , 

hoodianut 

Sfrpkut  amerieamu,  enemy  ot  ApMi  goMsppii , 

Macrotiphum  piti , 

fly  larvse,  enemies  of  aphides 

T. 

Tachina  flies,  enemies  of  canker-worms 

fly.  red-tailed.    (See  Nemortea  leuoanite.) 

7^gitiorhpncku$  perturbaiu,  distinctive  characters  of  larva , 

Tanager,  scarlet,  enemy  of  LepHnotarsa  deeemlineata 

T^)estX7  moth.    (See  Trichophaga  tapetieUa.) 

Tar  agamst  white  ants , 

paper  against  carpet  beetle , 

cfothes  moths , 

fruit-tree  bark-beetle , 

two-lined  chestnut  borer , 

cards  against  cabbage  maggot , 

Tares,  food  plants  of  Maerotiphum  piai 

Tea,  New  Jersey.   (See  Ceanothus.) 

TeUnomiu  cUsioeampXt  parasite  of  MaJacosoma  americana , 

Tdepkonu  UUneatut,  enemy  of  HpUutinut  obteurw 

Temperature  (see  also  Weather). 

extremes  as  limiting  distributfon  of  Leptinotarsa  de- 

eemUneata 

in  relation  to  Toxoptera  graminum 

Tennessee,  requirements  relative  to  shipment  of  nursery  stock 

Tent  caterpfllar,  apple-tree.    (See  MalaeoBoma  americana.) 

caterpillars.   (See  Malaeoaoma  spp.) 
nBl3kr«loceru<,  distinct  from  Sriocampoide$UfMdna , 
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TeTUhredo  limadna-' Eriocampoides  UmaciTta ■. . 

Terme9 favipa.    (See  Ant,  white.) 

Itieyufftu  in  America 

Tetraeha  virgmka,  enemy  of  Leptinotarta  deeemlineata 

Tetramorium  CMspUum,  feedinff  on  honeydew  from  Aphis  goasypii . . . 

general  account , 

remedies , 

Tetranychua  gloveri,  circular 

remedies 

Tetmstichu*  mkroqattri,  secondary  parasite  of  Ponlia  rapx 

tcolpu,  secondary  narasite  of  Scolytua  ruffwotut 

spp..  parasites  oi  vasmteura  leguminicola 

tanthomdttnXf  parasite  of  GaUruceUa  luitola 

Texas,  requirements  relative  to  sliipment  of  nursery  stoclc 

TkanaHmua  sp.,  enemy  of  Scolptui  rttffulotut 

The(A)aldia  inadena,  distinctive  characters  of  larva 

Thermobia  dotiustka,   (See  Lepitma  donuttka.) 
fumoTum,    (See  Lejpisma  doTneatiea.) 

Theronia  indanocephala.  parasite  of  MdUuoaoma  amerkana 

ThertUochfu  amotradull,  parasite  of  Ctmotrachelfu  nenuphar 

Thistle,  flowers  frequented  by  butterflies  of  Pontia  rapx 

food  plant  of  Diabronca  Umaicomit 

LepHnotarta  deeemlineata 

Them,  food  plant  of  Miuacosoma  americana 

Saperda  cretata , 

white.    (See  Cratxgtu  oxffocantha.) 

Thorns,  food  plants  of  Saperda  Candida 

"  Thousand  legs,"  colloquial  name  for  8cuU(fera  forceps 

Thrips,  hydrocyanic-acid  gas  as  remedy 

in  greenhouses,  remedies 

onion.    (See  Thrips  tabad.) 

toted,  the  onion  thrips,  not  found  on  tobacco  in  United 

States 

tobacco.    (See  Euihrips  nicotiantt.) 
wheat.    (Bee  Euihrips  tritid.) 

Thrush,  hermit,  enemy  of  LepUnotarsa  deeemlineata 

oUve-backed,  enemy  of  LepHnotarsa  deeemlineata 

wood,  enemy  of  Leptinotarsa  deeemlineata 

Thyrtdopteryx  ephemeraeformis,   (See  Bagworm.) 
Tibicen  septertdedm.    (See  Cicada,  periodical.) 
Tick,  chicken.    (See  Argas  miniatus.) 

erroneous  name  for  harvest  mite  or  "chigger" 

North  American  fever.    (See  Boophilus  annvlaius.) 

Timber  beetles,  injury  to  girdled  cypress 

Timothy,  food  plant  of  Leueania  urupuncta , 

MayetkHa  destructor  or  related  species 

Tinea  peUioneOat  general  account 

remedies 

Ttoeola  M««Siena,  general  account 

remedies 

Titus,  E.  S.  O.,  circular  '^The  O>tton  Red  Spider  {Tetranyehus 

gloveriBto.)" 

Toad,  enemy  of  nasshoppers 

Leptinotarsa  deeemlineata 

Malaeosoma  americana 

Tobacco  against  aphides,  etc 

apple  aphides 

clothes  moths 

common  hen  louse 

"green  bug" 

greenhouse  white  fly 

melon  aphis 

striped  cucumber  beetle 

woolly  aphis 

and  soapsuds  against  "areen  bug" 

bud  worms.    (SeeChlorideavireseensand  Heliothis  obsoleta.) 

food  plant  of  Diabrotica  It-punctata 

Euthrtps  nieotianK 

Leptinotarsa  deeemlineata 

ineffective  against  rose-chafer 

strawberry  weevil 

thrips.    (See  Euihrips  nicotiantt.) 

"white  veins"  caused  by  Euihrips  lUeotlanm 

Tomato,  fbod  plant  of  Aleyrodes  vaporariorum 

'  Diabrotica  li^nciaia.,  .!!!.*!.'!!!!.!.! 

Leptinotarsa  deeemlineata 

Tomatoes,  fumigation  with  hydrocyanic-acid  gas 

ToxopUra  graminum,  circulars 

experiments  with  remedies. 

remedies. 


26 

50, rev. 
87 
80 

34,  rev. 

34,  rev. 
65 
66 
60 

29, rev. 

69 

8,  rev. 

76, rev.  2 

29,  rev. 
72 


98 
73 
60 
69 
87 
98 
32,  rev.  3 

32,  rev.  3 

48 

46,  rev. 

80 


77 

82 
4 

70 
36,  rev. 
36,  rev. 
36,  rev. 
36,  rev. 

66 
84 
87 
98 

37,  rev.  2 
81 
36,  rev. 
92 
93,  rev. 
67 
80 

31.  rev.  2 

20,  rev. 
93, rev. 

69 

68 

87 

ll,rev. 

21,  rev. 


37,  rev.  2 
67 
80 
69 
87 
37,  rev.  2 
86 

93,  rev. 

93,  rev. 
86 

93,  rev. 


4 
11 
1 

3-4 
4 

1-5 

4-* 
5 
6 
6 
4 

7-8 
6 
4 


1 
1 
7 
2-4 
6-8 
4-6 
6-8 

1-6 
4 
12 
6 
1 

10 

6 

6 

6 

8,9 

10-18 

7 

4,6 

6 

3 
1-2 

8 
3 

7 

1-2 
4 

1>2 
6 
3 
8 
4 

1-7 
1-22 

6-7 


1-2 


1-2 


1-3 
1-10 


tized  byVriOO' 


wfe- 


INDEX  TO  CIBCUIABS  1  TO  100. 


47 


Ciroular 
No. 

Page. 

56 

3-4 

61,  rev. 

1»-14 

39rev. 

4 

3S 

4 

10 

2 

12,rev. 

4 

eo 

8 

80 

15 

11,  rev. 

4 

21,  rev. 

5 

09 

9 

(to 

8 

14 

6,8 

18 

6-7 

95,  rev. 

6-6 

31,  rev.  2 

6-6 

24,  rev. 

6 

82 

3-4 

32,  rev.  3 

11 

20,  rev. 

7 

38,  rev.  2 

5 

50,  rev. 

5-6 

99 

6 

36,  rev. 

6 

36,  rev. 

SS 

39,  rev.  2 

4 

80 

6 

16 

3 

10 

2 

77 

2 

84 

4 

77 

1,3 

51,  rev. 

3 

32,  rev.  3 

10 

27 

5 

41 

4 

50 

3 

63,ed.2 

2 

60 

4 

47,  rev. 

7 

25 

9 

31,  rev.  2 

7 

39,  rev.  2 

5 

69,  rev.  2 

5 

15 

3,4 

97 

6 

97 

1 

26 

9 

36 

8 

71,  rev. 

8 

71,  rev. 

[11] 

8,  rev. 

3 

72 

3 

72 

3 

87 

11 

99 

6 

76,  rev. 

8 

88 

2 

77 

5 

77 

5 

75.  rev.  2 
S,ed.2 

8 

4 

80 

5 

37,  rev.  2 

3 

98 

6 

64 

2 

75,  rev.  2 

n  ^ 

Digitize 

dbyVjO^ 

Flgare. 


Trapping  against  boU  weevU. ~ 

oockroacbes 

squash  bog 

Trap  crops  against  buitelo  tree-hopper 

harlequin  cabbage  bug 

Hessian  fly 

imported  cabbeii^  wonn 

melon  aphis 

rose-chaier 

strawberry  weevil 

useless  against  chestnut  weevils 

leaves  against  Imported  cabbage  worm 

plants  against  boU  weevil 

striped  cucumber  beetle 

trees  against  two-lined  chestnut  borer 

fdled,  against  ambrosia  beetles  in  cypress 

flat-headed  apple*tree  borer 

Traps  against  fruit-tree  bark-beetle 

squash-vine  borer 

Tree-hopper,  buffalo.    (Bee  Cereta  bubalut.) 

Trees,  living,  eaten  b v  Terme*  flavipet 

Triduuit  rufipeSf  probable  parasite  of  Balaninui  proboteideui  and  B. 

reehu 

rrickopo^  fopefxcOa,  general  account 

remedies 

TVMopoda  pfftn^pet,  parasite  of  .^iMM  tri«(it 

Tr^bUumkyMdum,  YSee  Clover,  abike.) 

midium.   (See  Clover,  mammoth.) 
pntefue.    (See  Ck>ver,  red.) 

Trkaif  tutaeeipa,  ■pan^te  of  Aphia  gptaypU 

Tripfoeum  dadpUHaei,  food  plant  of  l)iatrtea  mucharalis  (com  stalk- 
borer)  

TVtooIetw  mwgatUUe,  parasite  of  MurgQiUfa  kittrUmica 

Trombidium,  Leptus  a  synonym 

focttsftirum,  enemy  of  grasshoppers 

sp 

Tubers,  starchy,  food  of  cockroaches 

Tulto,  iKMsible  rood  plant  of  CkrytobothrU  femcrata 

Turkey,  enemy  of  boU  weeviL 

Turkey,  laws  relative  to  importation  of  American  plants,  trees,  and 

fruits 
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Pegomya  /iwcicepf , 

Ponliarapm 
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and  gypsum  against  squash  bug 

umd  plaster  against  squash  bug 
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host  of  Pimpfo  (n^ttitttor 
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Tweexers  for  removal  of  ox  warble 

Typhoid  Cover,  carriage  by  house  fly , 

fly,  proposed  as  a  better  name  for  Mutea  iomsttka 

U. 

Ubmu  amerieana  notably  exempt  from  attack  of  OokmeeUa  luteota . 

Uranotienia,  distinctive  characters  of  larvss 

tapphirina 

Xhopoda  americanoj  enemy  of  l^inotoraa  decemlHuata 

UroaigalphuM  arnuUut,  parasite  of  Balanimu  probotekUut  and  B. 

reetui 

Utah,  requirements  relative  to  shipment  of  nursery  stock 

▼. 

Vtednimm  sp.,  food  plant  of  BuUcanium  niprofuciatum 

Vaseline  and  sulphur,  preventive  of  ill  effects  ftom  exposure  to 
"chifflors'^ 

prevenuveof  ill  effects  ftom  exposure  to  "chiggers'' 

Vermont,  requirements  relative  to  shipment  of  nursery  stock 

Vetches,  food  plants  of  Maeroriphum  pM 
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Vireo,  red-eyed,  enemy  of  Mataco»oma  americana , 

Virginia  creeper,  food  plant  of  Pulvhtaria  innumeratiHa 

requirements  relative  to  shipment  of  nursery  stock 
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"Wall  louse,"  ooUoquial  name  for  Chnex  lectuiaritu 

paper,  damage  by  oockroaches 

"Warblea  stock/' meaning  of  term 

Warbler,  yellow,  enemy  oi  Malaeotoma  amerieana 

Washington  [Bnite).  requirements  relative  to  shipment  of  nursery 

stock 
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test  against  chestnut  weevils  unreliable 

Watermelon  (see  also  Melons  and  cucurbits.) 
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Weather  (see  also  Temperature.) 

m  relation  to  Mayetiola  dutntetor 

ToxapUm  granUnum 

Wbbsteb,  F.  M.,  droular,  '^Some  Insects  Affecting  the  Production 

of  Red  Clover  Seed" 

''The  Clover  Root-borer  (HyUuHnua  ob- 
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Weeds,  eradication  against  Colorado  potato  beetle 

Weevil,  acom,  mistaken  for  boll  weevil 

clover-leaf.    (See  Phytonomut  punctaHu.) 
hacelnut.    (See  Balaninw  obtunu.) 
larger  chestnut.    (See  Balaninus  proboaddeua.) 
lesser  chestnut.    (See  Balaninut  rectut.) 
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food  plant  of  (Cecidomyia)  Mayetiola  deatrvctor 
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laoaoma  tritici 
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THE  APPLE  MAGGOT  OR  ''  RAILROAD  WORM.'* 

(RhagoleHs   [Trypeta]  pornonella  Walsh.) 

By  A.   L.   QUAINTANCE, 

In  Charge  of  Deciduous  Fruit  Insect  Investigations, 

Five  important  insect  pests  injure  the  fruit  of  the  apple  in  the 
United  States,  namely,  the  codling  moth  {Carpocapsa  pomanella  L.), 
the  lesser  apple  worm  {Enarmonia  prunioora  Walsh),  the  plum  cur- 
culio  {Conotrachehis  nenuphar  Hbst.),  the  apple  curculio  {Antho- 
nomus  quadrigibbus  Say),  and  the  species  under  consideration. 


i^o.  1.— Apple  maggot  (Rhagoletis  pornonella)  :  a.  Adult;  h,  larva  or  maggot;  o,  funnel 
of  cephalic  spiracle ;  d,  puparium ;  e,  portion  of  apple  showing  injury  by  maggots. 
a,  h,  and  d.  Enlarged  ;  c,  still  more  enlarged ;  e,  reduced.     (Original.) 

The  apple  maggot,  as  the  name  implies,  is  the  larva 'of  a  fly  or 
dipterous  insect,  and  belongs  to  the  family  Trypetidse,  which  group 
contains  numerous  other  fruit-infesting  maggots,**  some  of  them  very 
serious  pests,  and,  from  their  structure,  mode  of  life,  and  feeding 
habits,  very  difficult  of  control.  Apples  injured  or  "  railroaded  " 
by  the  apple  maggot  show  discolored  winding  burrows,  or  tracks,  and 

^Anastrepha  {Trypeta)  ludcns  Loew.,  the  so-called  Mexican  orange  worm,  is 
au  enemy  of  oranges  in  portions  of  Mexico,  infesting  also  the  guava  and  mango, 
and  A,  acidusa  Walk,  infests  the  peach  in  the  same  country.  Rhagoletis 
rihicola  Doane  infests  currants  and  gooseberries  in  the  United  States,  as  does 
also  Epochra  canadensis  Loew.  R.  cingulata  Loew  has  recently  been  found  to 
be  a  cherry  pest  in  this  country,  working  in  a  way  similar  to  the  European 
cherry  fly,  Trypeta  cerasi  L.  (signata  Meig.).  Ceratitis  capitata  Wied.,  the  so- 
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cavities  here  arid  there  in  the  flesh,  and  when  infested  with  several 
larvae  the  pulp  will  be  usually  quite  honeycombed  with  their  burrows 
and  more  or  less  broken  down  into  a  yellowish  mass,  merely  held 
together  by  the  skin.     (See  fig.  1,  e.) 

DISTRIBUTION   AND  DESTRUCTIVENESS. 

The  apple  maggot  is  a  native  American  species,  its  natural  food 
being  haws  (Crataegus),  and  in  at  least  one  instance  it  has  been  bred 
from  crab-apples.  Its  feeding  upon  cultivated  apples  is  thus  an  ac- 
quired habit,  and  although  the  insect  has  been  reported  from  widely 
separated  points  in  the  central  and  eastern  States,  indicating  its  pos- 
sible general  distribution,  for  some  reason  it  does  not  attack  the  apple 
throughout  its  range,  but  only  in  certain  localities  and  portions  of  the 
country.  This  circumstance  is  a  fortunate  one  for  the  apple  grower, 
and  from  a  scientific  standpoint  is  of  much  interest.  Walsh  thought 
it  might  be  explained  on  the  supposition  of  the  development  in  the 
New  England  States,  where  its  injuries  to  apples  were  first  noticed, 
of  a  race  of  apple-infesting  individuals,  the  descendants  of  which, 
with  the  acquired  .habit,  have  been  gradually  distributed  to  other 
localities. 

The  apple  maggot  was  described  by  Walsh  in  the  American  Jour- 
nal of  Horticulture  for  December,  1867,  pages  338-343,  and  also  in 
the  First  Report  of  the  Acting  State  Entomologist  of  Illinois,  from 
flies  from  eastern  apples  and  from  Illinois  haws.  Adult  specimens 
from  this  latter  fruit  had  been  secured  by  him  some  five  or  six  years 
earlier,  and  in  July,  1867,  he  reared  flies  from  maggots  infesting  ap- 
ples from  Connecticut,  Massachusetts,  and  New  York,  and  conclu- 
sively showed  the  identity  of  the  insects  infesting  haws  in  Illinois 
with  those  infesting  apples  in  the  northeastern  part  of  the  United 
States.  In  the  New  England  States  mentioned,  however,  the  species 
had  been  noted  as  an  enemy  of  apple  for  some  years  before  the  time 
of  Walsh's  description.  By  1866  it  was  common  in  the  Hudson  River 
country,  at  North  Hempstead,  Long  Island,  in  the  Oneida  commu- 
nity in  New  York  State,  at  East  Falmouth,  Mass.,  and  probably  in 
Vermont,  and  it  occurred  in  Connecticut." 


caUed  Mediterranean  fruit  fly,  or  Bermuda  peach  maggot,  is  widely  distributed, 
Infesting  a  considerable  variety  of  soft  fruits,  as  oranges,  peaches,  plums, 
pineapples,  and  bananas,  but  fortunately  has  not  yet  been  introduced  into  the 
United  States.  In  Europe  Tcphritis  onoperdinis  Fab.  injures  celery,  and  T, 
iryoni  Froggatt  seriously  infests,  in  portions  of  Australia,  bananas,  peaches, 
oranges,  etc.,  and  another  species  of  this  genus  {psidi  Froggatt)  in  that  country 
infests  guavas.  Trypeta  musw  Froggatt  seriously  injures  bananas  in  the  New 
Hebrides.  Some  of  these  species  are  very  general  feeders,  and  the  greatest 
care  should  be  exercised,  especially  in  the  case  of  the  Bermuda  peach  maggot, 
that  they  be  not  introduced  into  the  United  States. 

« First  Kept.  Acting  State  Ent.  Illinois,  pp.  2(V-33  (1867).       ^  . 
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In  1881  the  apple  maggot  was  reported  by  Professor  Comstock" 
from  Ithaca,  N".  Y.,  in  apples,  and  was  bred  by  him  from  Crataegus 
at  Washington,  D.  C.  Professor  Cook,^  in  1884,  received  specimens 
from  Delavan,  Wis.,  where  it  was  reported  as  doing  very  great  in- 
jury, and  the  year  following,  the  insect  was  the  cause  of  considerable 
loss  in  Ingham  and  adjoining  counties  in  Michigan. 

Lintner,*^  in  1885,  gives  the  additional  localities  of  North  Ashbum- 
ham,  Mass.,  Franklin  and  Schenectady,  N.  Y.,  and  Brandon,  Vt.  Its 
introduction  into  Maine,  as  stated  by  Professor  Harvey,**  occurred 
prior  to  1882,  by  which  time  it  had  become  well  established,  and  by 
1899  occurred  quite  generally  over  the  State.  Its  occurrence  at  Mont- 
clair,  X.  J.,  was  recorded  in  1889  by  Mr.  E.  Williams,  in  Garden 
and  Forest,  page  527,  and  this  locality  is  also  given  for  the  apple 
maggot  by  Dr.  J.  B.  Smith  in  his  list  of  insects  of  New  Jersey,  page 
687  (1899). 

In  1894  Doctor  Howard  ^  records  the  occurrence  of  the  apple  mag- 
got from  Waynesville,  N.  C,  and  Doctor  Fletcher  ^  records  its  first  ap- 
pearance in  Canada,  August  31, 1896,  in  apples  from  Adolphustown, 
Ontario.  As  stated  by  Professor  Lochhead,^  it  had  become  quite  in- 
jurious by  1902,  more  than  one-half  of  the  crop  having  been  destroyed 
in  some  orchards  in  Prince  Edward  County.  Professor  Osborn,'^ 
on  the  authority  of  Professor  Hine,  records  its  occurrence  in  north- 
western Ohio  in  1904,  and  states  that  injured  fruit  comes  on  the  mar- 
ket at  Coluriibus,  though  perhaps  from  outside  of  the  State.  Doctor 
Chittenden  ^  notes  that  the  apple  maggot  was  unusually  injurious  in 
Ohio  in  1903.  By  1905  the  insect  had  extended  its  range  in  Canada, 
as  shown  by  the  records  of  Doctor  Fletcher^  of  its  occurrence  at 
Como  and  St.  Hilaire,  Quebec.  The  apple  maggot  is  recorded  from 
J'linnesota  by  Professor  Washburn,*  and  the  records  of  the  Bureau  of 
Entomology  show  the  additional  localities  of  Dyberry,  Pa.,  and 
Douglas,  Mich. 

Numerous  records  of  this  Bureau,  as  well  as  published  accounts, 
show  that  the  insect  is  generally  distributed  throughout  the  greater 
part  of  the  New  England  States,  and  that  it  is  a  very  destructive 

« Kept.  Ent.  U.  S.  Dept.  Agric,  1881-82,  p.  196. 

*  Kept.  Mich.  Hort.  Soc,  1884,  p.  200. 

'^Second  Report  N.  Y.  State  Ent.,  p.  121  (1885). 

<'Ann.  Kept.  Maine  State  CoH.  Agr.  Exp.  Sta.,  1889,  Pt  III,  pp.  190-241. 

^  Insect  Life.  VII,  p.  279. 

f  Kept.  Ent.  and  Bot.  Exp.  Farms  Canada  for  1896,  p.  257  (1897). 

i'Sard  Ann.  Kept.  Ent.  Soc.  Ont,  p.  67,  1902  (1903). 

*Bul.  46,  Div.  Ent.  U.  S.  Dept.  Agric,  p.  88  (1904). 

*  Yearbook,  U-  S.  Dept.  Agric.  for  1903,  p.  563. 

^Rept  Ent.  and  Bot.  Exp.  Farms  of  Canada  for  1904,  p.  238  (1905). 
*Bul.  93,  Minn.  Agric.  Exp.  Sta.,  p.  118  (1905). 
[Or.  101] 
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enemy  to  apples.  The  flies  do  not  spread  rapidly,  and  hence  individ- 
ual orchards  or  certain  varieties  of  apples  may  suffer  severely,  while 
those  adjoining  may  be  little  injured.  Although  the  pest  was  bred 
from  haws,  in  1867,  in  Illinois,  there  has  been  but  one  record  of  its 
infesting  apples  in  that  State.<» 

FOOD  PLANTS. 

The  natural  food  of  the  apple  maggot  is  wild  haw  (Crataegus), 
and  probably  several  species  are  infested.  It  was  bred  from  haws 
by  Walsh  in  Illinois,  by  Cook  in  Illinois  and  Wisconsin,  and  by 
Comstock  at  Washington,  D.  C.  Despite  its  supposed  general  occur- 
rence in  the  fruit  of  this  plant,  no  further  records  of  breeding  from 
haws  have  been  found,  and  Professor  Harvey  states  that  it  was  not 
found  in  haws  in  Maine.  During  the  past  three  years  the  Bureau  of 
Entomology  has  collected  or  received  fruit  of  Crataegus  spp.  from 
various  parts  of  the  country,  but  has  not  observed  it  to  be  infested 
with  the  apple  maggot  in  any  instance,  and  it  appeai^s  quite  doubtful 
if  the  distribution  of  the  species  is  as  general  as  is  that  of  its  native 
food  plants. 

The  early  statements  of  the  probable  feeding  of  this  species  on  crab- 
apple  appear  not  to  have  been  based  on  actual  observations,  and 
aside  from  Riley's  record  of  its  occurrence  on  crabs,^  no  definite  data 
have  been  presented  to  show  that  it  infests  this  fruit.  Professor 
Harvey  thought  it  improbable  that  this  fruit  would  be  used,  for  the 
reason  that  it  is  quite  green  and  hard  during  the  period  of  flight  and 
oviposition  of  the  flies.  The  insect  was  found  infesting  plums  and 
late  cherries  in  northern  Michigan,  by  Professor  Cook,^  in  1889, 
though  no  additional  records  of  its  occurrence  in  these  fruits  have 
been  seen. 

Of  apples,  sweet  and  subacid  summer  varieties  are  worst  attacked, 
but  fall  and  winter  sorts  are  also  infested,  including  distinctly  acid 
varieties.  Professor  Harvey  has  prepared  a  list  of  apples  showing 
their  relative  degree  of  infestation  as  observed  by  him  in  Maine 
during  his  careful  study  of  the  apple  maggot.*' 

« Cordley,  Orchard  and  Garden,  1889.  p.  192. 
^'Am.  Agric,  1872.  p.  263. 

^  Second  Ann.  Rept  Mich.  Agrlc.  Exp.  Sta.,  p.  153. 
^'Loc.  cit 
[Clr.  101] 
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Varieties  of  apples  known  to  6c  affected  by  Rhagoletis  (Trypeta)  pomonella,^ 


Flavor. 

Time  of 
maturity. 

Variety. 

Sweet. 

Sub- 
add. 

/ 

Acid. 

Remarks. 

Alexander i.    

Autumn 

Winter 

do 

do 

Autumn 

Summer 

Winter 

Autumn 

do 

- — do. 

Winter 

do_ 

do 

Autumn 

Sparingly  Infested. 
Do. 

BuUock  (Am.  Golden  Buaaet) 

Bailey  Sweet. 

Baldwin. 

'     + 

4- 

Do. 
Do 

Benonl.    __. 

+ 

Badly  Infested. 
Do. 

Boxigh 

a. 

Oanada  Baldwin. ^    .. 

4- 

Sparingly  Infested. 
Do. 

Catsbead 

+ 
+ 
+ 

Chenango.    . 

Badly  Infested. 
Sparingly  Infested. 
I>o. 

Colvert 

Dangers _ 

1 

Dayton _ 

Derby  Pippin 

+  +  +  +  !  +  +  +  .+  -h!  +-h-h  +  +  +  -h  + 

Do. 
Do. 

Diana 

Early  Harvest _ 

Do. 

Badly  Infrated. 

1Bm>pu8  (Esopus  Spltzenbnrff) 

Tail  Jennptlnff 





Winter 

Autumn 

do 

Do. 
Do. 

Tall  Pippin ...1 

Sparingly  Infested. 
Do. 

Fameusei ^ 

Winter. 

Autumn 

Pranklln  Swreet 

+ 

Badtylnfested. 

Garden  Boyal 

OoMen  BaU.- 

Winter .'. 

do 

Sparinirly  Infested. 

Golden  Busaet 

Do. 

Orayenstefn i 

—     do 

Badly  Infested 

Grimes _ 

Hl^htop  Sweet _ 

Hobbardatoo-. 

+  '"' 

.....do 

Autumn 

Winter 

Autumn 

.  .    do 

Sparingly  Infested. 
Badly  Infested. 
Sparingly  Infested. 

Horlbut - -     -- 

Badly  Infested. 

Irish  Peach.- 

SDarlniirlv  Infested. 

JewettRed-. .-    -      - 

Winter 

Summer 

Winter. 

Autumn 

do 

Badly  Infested. 

KiDg  Sweet. 

+ 

Do. 

Lady  Sweet. 

Sparingly  Infested. 

HAf4«>n  Bluwh    . 

Do. 

Mexico 

Do. 

Mother 

+       

Winter. 

Summer 

...    do 

Badly  infested. 

Miin«w>n. ,,     ,   . 

+ 

Do. 

New  York  Sweet.. 

Do. 

Northern  Spy . 

+ 

Winter 

Autumn — 

Winter 

do    

Jk>. 

Oldenburg  (Duchess) 

+ 

Sparingly  Infested. 

Paradise  Sweet 

-1- 

Badly  Infested. 

Pearmaln  (?).. 

+ 
+ 

Do. 

Bewaukee(?) 

do 

Autumn 

Winter 

Summer 

Autumn 

Winter 

Summer 

Winter 

do    . 

Sparingly  Infested. 

Porter 

+     ::::::: 

Badly  infested. 

Pound  Sweet 

Primate 

+ 

Sparingly  Infested. 
Do. 

Potnplrin  Sweet., .. 

-f- 
+ 

Badly  infested. 

Ramsdell.  .: 

Sparingly  infested. 

Red  Astrachao.       

+    .-  _  _ 

Badly  Infested. 

Bhode  Island  Greening 

Rlbston 



+ 

Sparingly  infested. 
Do. 

Rolfe.            

-1- 

4- 

+ 
-1- 

+ 

-I- 
+ 

-1- 
+ 

"  +  "" 

do 

Do. 

RtowIL               ,..    . 

Badly  Infested. 

Snow 

Somerset  .    .    

Autumn 

do     - 

Do. 
Sparingly  infested. 

Sops  of  Wine 

Summer 

do 

Winter 

do     -    . 

Badly  infested. 

Tetofskl 

Tohpan — 

Tomokina  Kins 

+ 
-1- 

Do. 

Do. 
Sparingly  infested. 

Twenty  Ounce 

Autumn 

Winter- 

Wagener ... 

Wealthy               

do 

Badly  Infested. 

Westfleld  ( Seek-no-further) — 

do__    __ 

WnUams 

Winthrop  Greening 

Yeflaw  Bellflower 

:~::::: 



Summer 

Autumn 

Winter 

Do. 
Do. 
Do. 

"  Names  of  varieties  of  apples  have  been  eorrectec^  to  agree  with  those  given  In  **  No- 
mendature  of  the  Apple.*'  by  W.  H.  Ragan.  Bui.  66.  Bur.  Plant  Industry.  U.  8.  Dept. 
Agric   (1905). 

The  susceptibility  to  injury  of  the  respective  varieties  mentioned, 
as  observed  in  Maine,  would  not  necessarily  be  true  for  other  regions, 
but  the  list  will  serve  to  show  that  all  classes  of  fruit  are  subject  to 
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attack.  As  a  general  statement,  it  may  be  said  that  the  insect  will  be 
most  destructive  to  summer  and  fall  varieties,  or  to  those  varieties 
which  are  ripe  or  are  approaching  maturity  during  the  period  of 
principal  activity  of  the  flies. 

HOW  THE  INSECT  SPREADS. 

It  is  not  known  whether  the  apple  maggot  has  spread  from  the 
New  England  States,  where  its  injuries  were  first  noticed,  to  the  sev- 
eral localities  where  its  presence  has  been  observed — as  in  Ohio,  Wis- 
consin, Michigan,  North  Carolina,  etc. — or  whether  the  insect,  al- 
ready present  on  haws,  simply  turned  its  attention  to  apples.  The 
former  view,  however,  appears  the  more  probable,  and  its  spread 
would  have  been  readily  brought  about  by  the  introduction  of  in- 
fested apples.  In  regions  where  the  insect  occurs  in  apples,  a  con- 
siderable amount  of  infested  fruit  will  be  barreled,  the  larvae  later 
deserting  the  fruit  and  forming  puparia  on  the  bottom  of  the  barrel. 
In  the  ordinary  course  of  commerce  the  insect  would  thus  be  intro- 
duced into  new  localities,  often  quite  remote.  In  view  of  the  extent 
of  apple  production  in  the  territory  which  has  long  been  infested 
with  this  species  (i.  e.,  the  New  England  States),  and  the  consequent 
almost  certain  dissemination  of  the  apple  maggot  to  various  parts  of 
the  country,  it  is  cause  for  much  surprise  that  the  insect  is  not  much 
more  generally  and  widely  established  as  an  apple  pest.  It  is  very 
probable  that  the  insect  has  been  introduced  into  most  of  the  apple- 
growing  regions  in  the  United  States  and  also  into  those  of  Europe 
and  the  Colonies,  but  for  some  reason  has  not  established  itself. 
Thus  the  insect  has  been  frequently  found  in  apples  on  the  markets  in 
Washington,  D.  C,  though  there  is  no  evidence  to  indicate  that  it 
has  become  established  in  orchards  in  that  vicinity. 

When  once  established  in  an  orchard,  its  spread  fortunately  is 
usually  very  slow.  It  may  confine  its  attack  to  a  single  tree,  for  two 
or  three  years,  before  spreading  to  adjacent  trees  of  the  same  or 
other  varieties  equally  subject  to  attack;  and  varieties  seriously  in- 
fested in  one  orchard  may  be  exempt  in  another.  The  slowness*  of 
its  spread  from  tree  to  tree  and  from  one  orchard  to  another  has  been 
conmiented  upon  by  numerous  workers. 

The  flies  in  their  habits  are  exceedingly  local,  apparently  confining 
their  attention  to  the  trees  upon  which  the  previous  generation  devel- 
oped— in  marked  distinction, to  the  spreading  habits  of  many  other 
insects.  This  habit  is  a  very  fortunate  one  for  the  fruit  grower,  and 
is  of  much  practical  importance  in  control,  permitting  great  reduc- 
tion and  possible  extermination  of  the  pests  when  infestation  is  lim- 
ited to  but  a  few  trees,  and  especially  in  localities  but  recently 
invaded. 

[Clr.  101]  Digitized  byGoOglC 


»     DESCRIPTION. 

Egg. — The  eggs  of  the  apple  maggot  are  quite  small,  varying  from 
0.8  to  0.9  mm.  in  length  by  0.2  to  0.25  mm.  in  width,  fusiform,  and 
light  yellow  in  color  as  taken  from  the  fruit.  A  short,  broad  pedicel, 
about  one-twentieth  the  length  of  the  egg,  is  found  at  the  broader 
end,  which  end  is  darker  and  pitted  with  irregular  hexagonal  cells 
with  raised  lacerated  borders  for  about  one- fourth  the  length  of  the 
egg.     (See  fig.  2,  a.) 

Larva. — The  larva  (fig.  1,  &)  is  footless,  and  when  full  grown  is 
from  7  to  8  mm.  long,  with  a  width  of  from  1.76  to  2  mm.,  yellowish- 


Fio.  2. — KhagQletiB  pomonella  :  a.  Egg ;  h,  head  of  larva,  showing  chitinous  hooks  and 
framework  within  the  head,  and  funnei-sbaped  spiracle ;  c,  caudai  spiracle ;  d,  oviposi- 
tor, with  which  eggft  are  placed  beneath  skin  of  apple.  All  greatly  enlarged,  (b,  c. 
After  Comstock;  a,  d,  after  Harvey.) 

white  in  color,  at  times  tinged  with  greenish.  The  body  is  composed 
of  14  segments,  widest  across  the  ninth,  tenth,  and  eleventh,  and 
sloping  gradually  backward,  and  more  rapidly  toward  the  head  end. 
The  caudal  end  is  truncate,  and  on  the  lower  portion  of  the  anterior 
end  (first  segment)  is  a  pair  of  black,  curved,  parallel  hooks,  attached 
to  a  chitinous  framework  within  the  head,  the  hooks  being  used  to 
rasp  the  pulp  in  the  liberation  of  juice  for  food.  A  pair  of  spiracles 
occurs  on  the  dorsal  surface  on  each  side  at  the  juncture  of  the  first 

lC»r.l01]  Digitized  by  Google 


8 

and  second  segments  (fig.  2,  &)  and  a  pair  on  the  sloping  surface  of 
the  caudal  segment.  The  spiracles  on  the  cephalic  end  have  funnel- 
shaped  mouths,  the  funnel  being  bordered  with  a  double  row  of  about 
20  projections.  The  caudal  spiracles  each  show  3  transverse  slit-like 
openings  and  4  groups  of  bristles.     (See  fig.  2,  c) 

Pupa, — The  pupa  is  a  small,  barrel-shaped  structure,  pale  yellow- 
ish-brown in  color,  measuring  about  4.2  to  5.2  mm.  in  length,  with  a 
width  of  from  2  to  2.6  mm.  The  larva  in  pupating  does  not  shed  its 
skin,  but  simply  contracts,  assuming  an  oval  form,  causing  the 
cephalic  spiracles  to  project  in  front  as  tubercles.  Although  the  cau- 
dal end  also  shrinks,  the  spiracles  are  still  visible,  as  are  also  the  body 
segments  of  the  larva.  The  true  pupa  is  formed  within  the  larval 
skin.     (See  fig.  1,  c?.) 

Adult. — The  parent  of  the  apple  maggot  is  a  two- winged  fly  (fig. 
1,  a) ,  somewhat  smaller  than  the  house  fly,  of  a  general  black  color, 
with  yellowish  head  and  legs,  greenish  eyes,  and  dark  feet.  In  the 
male  there  are  3,  and  in  the  female  4  white  bands  across  the  abdomen. 
Across  the  wings  of  both  sexes  are  4  black  bands  as  shown  in  the  fig- 
ure. The  females  are  from  5  to  6  mm.  in  length,  with  a  spread  of 
wings  of  about  12.15  mm.    The  males  are  somewhat  smaller. 

LIFE  HISTORY  AND   HABITS." 

There  is  but  one  generation  of  the  apple  maggot  each  year,  though 
the  occurrence  of  maggots  in  the  fruit  during  the  summer  and 
autumn,  due  to  the  great  irregularity  in  time  of  appearance  of  the 
flies,  is  calculated  to  mislead  those  not  familiar  with  the  insect's  life 
history.  The  time  and  appearance  of  the  adults  is  thought  to  be 
influenced  by  the  date  of  the  ripening  of  the  fruit  which  they  in- 
fested the  previous  season,  though  this  supposition  has  not  been 
established.  During  an  ordinary  season  in  Maine,  the  flies  will 
begin  to  appear  and  will  be  ovipositing  about  July  1,  and  earlier  in 
the  States  to  the  south.  By  the  middle  of  July,  in  Rhode  Island, 
during  an  average  season,  as  stated  by  Profs.  F.  W.  Card  and  A.  E. 
Stene,  early  varieties  subject  to  attack  will  show  many  of  the  egg 
punctures  of  the  females. 

Flies  have  lived  in  confinement  for  three  weeks,  and  out  of  doors 
the  period  is  doubtless  somewhat  longer.  The  female  makes  punc- 
tures through  the  skin  of  the  apple  by  means  of  her  sharp  ovipositor 
(fig.  2,  rf),  inserting  the  eggs  singly  into  the  flesh  in  a  vertical  posi- 
tion. Oviposition  may  occur  on  any  part  of  the  fruit,  though  mostly 
on  the  side  and  especially  on  the  paler  portions,  where  the  apple  has 

«  The  apple  maggot  was  carefully  investigated  in  Maine  by  the  late  Professor 
Harvey,  and  his  Report  (1.  c.)  has  been  largely  the  basis  of  the  present  article. 
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been  protected  from  the  sun  by  the  foliage.  An  individual  female 
is  capable  of  producing  from  300  to  400  eggs,  egg  laying  continuing 
throughout  her  life.  About  one-half  minute  is  occupied  in  the  act 
of  depositing  a  single  egg,  and  the  characteristic  brownish  speck  left 
by  the  ovipositor  can,  upon  close  examination,  be  detected  by  the  un- 
aided eye,  and  resembles  the  brownish  rusty  spots  occurring  normally 
on  some  varieties.  These  egg  punctures  may  be  best  observed,  how- 
ever, with  a  hand  lens,  and  are  then  seen  to  be  oblong  or  circular 
holes,  with  the  surrounding  border  brownish  and  somewhat  shrunken. 
In  four  or  five  days,  under  favorable  conditions,  the  egg  hatches  and 
the  minute  footless  maggot  begins  to  feed  on  the  pulp  of  the  fruit. 
Although  the  larva  is  without  true  opposable  jaws,  it  is  provided 
with  two  hooks  on  the  head  above  the  mouth  by  which  the  pulp  is 
rasped  loose,  the  larva  drawing  into  the  mouth  the  juices  thus  lib- 
erated. The  pulp  which  is  not  eaten  soon  turns  brown  and  renders 
the  burrows  through  the  flesh  more  readily  visible.  The  larva,  in 
its  feeding,  channels  here  and  there  through  the  flesh,  sometimes 
burrowing  for  a  distance  just  under  the  skin,  the  brownish  trail  in 
light-skinned  varieties  appearing  as  a  linear  bruise. 

The  rate  of  development  of  the  larvae  conforms  to  that  of  the  fruit, 
and  the  larvae  do  not  mature  until  the  fruit  is  ripe.  Early  appearing 
flies  attack  the  summer  varieties,  and  those  appearing  later  infest 
fall  and  winter  sorts.  Their  development  is  checked  by  cold,  and 
they  are  apparently  able  to  exist  for  a  considerable  time  in  a  prac- 
tically stationary  condition  until  the  maturity  of  the  fruit  permits  of 
their  further  growth  to  maturity. 

Apples  at  gathering  time  may  show  no  exterior  indications  of  in- 
festation, yet  when  cut  open  will  be  found  thoroughly  burrowed  and 
honeycombed  by  the  larvae;  or  the  apparently  sound  mature  fruit  may 
be  so  infested  with  the  small,  inconspicuous  larvae  and  eggs  that  it 
may  be  soon  destroyed  after  storing.  The  work  of  a  single  maggot 
will  injure  the  value  of  the  fruit,  though  a  dozen  or  more  may  often 
be  present.  Under  favorable  conditions  of  temperature  and  in  ripen- 
ing fruit,  the  maggots  will  become  full  grown  in  four  or  five  weeks. 
The  larvae  mature  as  the  fruit  is  ripe,  and  leave  this  after  it  has  fallen 
to  the  ground,  as  no  exit  holes  have  been  noticed  in  fruit  on  the  trees. 
In  deserting  the  fruit  a  hole  is  made  through  the  skin  and  the  larva 
burrows  an  inch  or  less  below  the  surface  of  the  soil,  or  on  sod  land 
probably  pupates  around  the  roots  of  the  grass;  or  sometimes  the 
pupal  stage  is  entered  on  the  surface  of  the  ground  under  the  de- 
cayed fruit  In  fruit  in  barrels,  in  storehouses,  etc.,  the  larvae 
pupate  on  the  bottom  of  the  receptacle,  and  the  puparia  are  often 
very  numerous  in  such  places.    The  insect  remains  in  the  pupal  stage 
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until  the  following  summer,  the  adult  fly  appearing  early  or  late, 
depending  apparently  on  whether  the  larvae  infested  summer,  fall,  or 
winter  fruit. 

INSECTS  WHICH   MAY   BE   MISTAKEN    FOR  THE  APPLE   MAGGOT. 

There  will  often  be  found  in  apples  partly  or  wholly  decayed,  as 
from  the  work  of  the  apple  maggot  or  other  causes,  larva;  which 
might  very  readily  be  mistaken  for  those  of  the  species  under  consid- 
eration. Principally  the  larvae  of  two  kinds  of  flies  will  thus  be 
found,  namely,  the  vine-loving  pomace  fly  {Drosophila  ampelophUa 
Loew) — a  small  clear-winged,  red-eyed  fly — and  the  pretty  pomace 
fly  {Drosophila  amcena  Loew),  similar  to  the  former,  but  with  black 
spots  on  the  wings.  These  insects  are  of  interest  as  likely  to  be  mis^ 
taken  for  the  apple  maggot  and  hence  the  cause  of  needless  alarm. 
They  are  of  little  economic  importance,  though  undoubtedly  hasten- 
ing the  decay  of  fruits. 

PREVENTIVE   MEASURES. 

The  apple  maggot  has  proved  to  be  an  unusually  troublesome  in- 
sect to  combat  successfully.  The  eggs  are  deposited  beneath  the  skin 
of  the  fruit,  within  which  also  the  larva  feeds  until  full  grown.  The 
pupal  stage  is  passed  just  under  the  soil,  or  around  the  roots  of  grass 
in  sod  land,  and  the  flies  do  not  feed  in  a  way  to  permit  of  their 
destruction.  Spraying  with  arsenicals,  so  effective  against  the  codling 
moth  or  apple  worm,  is  for  this  pest  quite  useless. 

The  insect,  however,  may  be  attacked  in  two  important  ways.  As 
stated,  the  larvae  do  not  leave  the  fruit  until  the  latter  has  ripened 
and  fallen  to  the  ground.  The  prompt  gathering  and  destruction  of 
the  windfalls,  before  they  are  deserted  by  the  maggots,  would  serve 
to  keep  the  insects  greatly  reduced,  amounting  to  practical  extermina- 
tion if  thoroughly  carried  out.  This  practice  has  long  been  recom- 
mended by  entomologists,  and  comprises  the  most  effective  measure 
of  controlling  the  pest  at  present  known.  Greatest  benefit  will  come 
from  the  practice  when  carried  out  uniformly  by  the  orchardists  of  a 
community.  Allowing  the  w^ormy  fruit  to  decay  on  the  ground  is 
most  favorable  to  multiplication  of  the  apple  maggot.  Orchardists 
having  this  pest  to  contend  with  should  arrange  to  destroy  the  in- 
fested fruit  promptly  after  it  falls,  and  this  may  be  accomplished  in 
whatever  way  is  most  practicable  under  individual  conditions. 

Picking  up  the  fruit  by  hand  will  often  prove  feasible  and  can  be 
done  by  children,  but  great  care  is  necessary  that  the  work  be  done 
thoroughly.  The  gatherings  should  be  made  daily  if  possible,  or  at 
least  every  two  or  three  days.    The  fruit  may  be  fed  to  stock,  taking 
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care  that  any  excess  not  at  the  moment  needed  be  stored  in  tight 
boxes  or  receptacles  so  that  any  larvae  deserting  the  fruit  will  be 
forced  to  pupate  on  the  bottom  of  the  container,  where  later  they  may 
be  destroyed.  When  the  drop  fruit  is  not  needed  for  the  stock,  it 
may  be  simply  thrown  into  a  hole  or  holes  here  and  there  in  the 
orchard,  to  be  finally  covered  with  2  or  3  feet  of  earth  in  the  late  fall 
after  frosts  have  occurred,  to  prevent  the  escape  of  flies  the  following 
season.  The  work  of  gathering  need  not  be  begun  until  the  first  ripe 
windfalls  of  the  early  varieties  are  found,  but  should  be  kept  up  from 
this  time  until  all  the  fruit  has  been  harvested. 

Orchards  may  often  be  pastured  with  sheep,  hogs,  or  cattle,  in  a 
way  to  insure  the  destruction  of  the  windfalls,  and  this  practice  is 
recommended  as  the  cheapest  and  most  satisfactory  method  of  deal- 
ing with  the  apple-maggot  problem.  Orchards  may  be  permanently 
pastured  or  the  stock  turned  in  daily  in  sufficient  numbers  and  at 
times  to  accomplish  the  desired  consumption  of  the  fallen  fruit.  This 
practice  will  be  especially  useful  in  commercial  orchards,  and,  where 
infestation  from  adjacent  orchards  isnot  great,  will  insure  practically 
clean  fruit. 

Plowing  and  cultivation  of  orchards  would  appear  to  be  a  useful 
practice  in  the  control  of  this  pest,  and  these  methods  have  been 
more  or  less  recommended  for  some  years.  Careful  experiments  in 
Rhode  Island  on  the  value  of  such  work  have  recently  been  reported 
by  Professors  Card  and  Stene.**  Puparia  of  apple  maggots  were 
placed  at  different  depths  in  the  soil,  ranging  from  1  to  6  inches,  to 
approximate  conditions  resulting  from  plowing  to  bury  the  pupae,  but 
this  was  found  to  have  little  effect  in  preventing  the  escape  of  flies, 
and  the  conclusion  was  reached  that  spring  plowing  of  orchards  to 
turn  under  the  pupae  was  valueless,  under  the  soil  conditions  which 
there  obtained. 

It  is  thought,  however,  that  frequent  tillage  of  the  orchard  in  early 
summer  may  be  unfavorable  to  the  development  of  the  pupae  to 
flies,  and  experiments  made  in  1904  by  Messrs.  Card  and  M.  A. 
Blake  *  with  pupae  placed  in  boxes  in  which  the  soil  was  frequently 
stirred,  resulted  apparently  in  their  complete  destruction.  More  ex- 
tended and  conclusive  experiments  along  these  lines  are  urgently 
neeided.  Aside  from  its  possible  value  in  destroying  the  apple  maggot, 
frequent  tillage  of  orchards  in  late  spring  and  early  summer  is  de- 
sirable, especially  for  young  trees,  as  favoring  a  better  tree  and  fruit 
development. 

«  Seventeenth  Ann.  Kept.  R.  I.  Agr.  Exp.  Sta..  Part  II,  p.  191  (1904). 
*  Eighteenth  Ann.  Rept.  R.  I.  Agr.  Exp.  Sta..  Part  II,  p.  197  (1905). 
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Much  infested  fruit  goes  to  market,  or  is  stored  at  home  for  future 
consumption.  The  refuse  from  such  fruit  should  always  be  de- 
stroyed, and  the  barrels  and  boxes  in  which  the  maggots  have  pupated 
upon  leaving  the  fruit  should  be  treated  in  such  a  way  as  to  insure 
the  destruction  of  the  pupse.  The  floor  of  storerooms  should  also  be 
carefully  swept,  and  the  sweepings  collected  and  burned. 

Approved : 

James  Wilson, 

Secretary  of  Agriculture, 

Washington,  D.  C,  March  27, 1908. 
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ISBued  May  20, 1908. 


United  States  Department  of  Agriculture, 

BUREAU  OF   ENTOMOLOGY. 
L.  O.  HOWARD,  Entomologist  and  Chief  of  Bureau. 


THE  ASPARAGUS  BEETLES.^ 

By  F.  H.  Chittenden, 
Entomologist  in  Charge  of  Breeding  Experiments, 

INTBODUCTOBY. 

Asparagus  was  introduced  into  this  country  with  the  early  settlers 
from  Europe,  and  is  credited 
with  having  been  cultivated 
here  for  two  hundred  years 
before  being  troubled  with 
insects. 

Several  species  of  native 
American  insects  have  been 
observed  to  feed  upon  this 
plant,  but  none,  so  far  as  we 
know,  has  become  sufficiently 
attached  to  it  to  cause  se- 
rious injury.  Few  of  our 
edible  plants,  in  short,  down 
to  the  time  of  the  civil  war 
have  enjoyed  such  immunity 
from  the  ravages  of  insects. 

In  the  Old  World  two  in- 
sects, called  asparagus  bee- 
tles, have  been  known  as 
eu^mies  of  the  asparagus 
since  early  times.  In  the 
year  1862  one  of  these  insects, 
the  common  asparagus  beetle 
(Crioceris  asparagi  L.)  was 
the  occasion  of  considerable 
alarm  on  asparagus  farms  in 
Queens  County,  N.  Y.,  where 
it  threatened  to  destroy  this, 
one  of  the  most  valuable  crops  grown  on  Long  Island. 


Fig.  1. — Spray  of  asparagus,  with  common  as- 
paragus beetlp  In  its  different  stages ;  aspara- 
gus tip  at  right,  showing  eggs  and  Injury. 
Natural  size    (author's  illustration). 


Subsequent 


"Other  accounts  of  these  insects  have  been  published  in  earlier  years,  as 
follows:  Yearbook  U.  S.  Dept.  Agric.  f.  189G  (1897),  pp.  341-352;  Bui.  10,  Div. 
Eiit.,  U.  S.  Dept.  Agric,  pp.  54-59,  1898 ;  Bui.  G6,  Pt.  I,  Bur.  Ent,  U.  S.  Deiit. 
Agric,  pp.  5-10,  1907. 
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inquiry  developed  the  fact  that  the  species  had  begun  its  destructive 
work  at  Astoria,  near  New  York  City,  in  1860,  where,  it  is  now 
conceded,  it  was  introduced  about  1856.'* 

In  1881  another  European  importation  was  detected  on  asparagus 
near  Baltimore,  Md. — the  twelve-spotted  asparagus  beetle  {Crioceris 
duodecimpunctata  L.),  sometimes  called  the  "red"  asparagus  beetle 
to  distinguish  it  from  the  "  blue  "  species. 


THE  COMMON  ASFABAGUS  BEETLK 

{Crioccns  asparagi  L.) 

From  the  seat  of  its  introduction  at  Astoria,  X.  Y.,  the  common 
asparagus  beetle  soon  spread  to  the  asparagus  farms  of  Queens 
County,  X.  Y.,  and  by  1862  was  reported  to  have  occasioned  the  loss 
of  over  a  third  of  the  crops  in  certain  localities, 
the  loss  being  estimated  at  $50,000. 

Injury  is  due  to  the  work  of  both  adults  and 
larvae  upon  the  tender  shoots,  which  they  render 
unfit  for  market  early  in  the  season.  Later  they 
destroy  by  defoliation  the  high-grown  plants, 
particularly  seedlings,  the  roots  of  which  are 
weakened  by  having  their  tops  devoured.  The 
larvae  are  sometimes  so  abundant  that  the  black 
molasses-like  fluid  which  they  emit  from  their 
mouths  soils  the  hands  of  those  engaged  in  bunch- 
ing the  stalks  for  market ;  and  the  eggs  are  some- 
times laid  upon  the  stalks  in  such  numbers  that 
the  latter  are  rendered  unsightly  and  even  slip- 
pery by  their  presence.  Larvae,  as  well  as  beetles, 
attack  the  tenderest  portions  of  the  plants,  but  the  beetles  gnaw  with 
seemingly  equal  relish  the  epidermis,  or  rind,  of  the  stems.  The 
beetles  are  also  accused  of  gnawing  young  shoots  beneath  the  surface, 
causing  them  to  become  woody  and  crooked  in  growth. 

In  some  localities  it  is  in  establishing  new  beds  that  the  greatest 
trouble  and  expense  are  incurred.  The  plants  must  grow  a  year  as 
seedlings  and  two  more  in  the  beds  before  being  cut  for  table  use,  and 
during  these  three  years  they  are  constantly  exposed  to  the  attacks  of 
this  insect. 

The  beetle  is  a  beautiful  creature,  slender  and  graceful  in  form, 
blue-black  in  color,  with  red  thorax,  and  with  lemon-yellow  and 


Pig.  2. — Common  as- 
paragus beetle  {Cri- 
oceris asparagi)  :  a. 
Dark  form  of  bee- 
tle ;  6,  light  form. 
Enlarged  (author's 
Illustration). 


"  The  capture  of  this  8i>ecles  was  recorded  early  in  the  past  century  in  Penn- 
sylvania— presumably  near  Hanover — and  again  in  the  vicinity  of  Chicago  and 
Roclv  Island,  111.,  about  ten  years  after  the  discovery  on  Long  Island ;  but,  as  tlie 
insect  did  not  obtain  a  i^ermanent  foothold,  but  died  out  in  tliese  localities, 
these  importations  can  not  be  considered  introductions. 
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dark-blue  wing  covers  having  a  reddish  border.  A  common  form 
about  the  District  of  Columbia  is  illustrated  in  fig.  3,  a.  Farther 
north  the  prevailing  form  is  darker,  the  lighter  coloring  sometimes 
showing  only  as  a  reddish  border  and  six  small  submarginal  yellow 
six)ts  (fig.  2,  «).  An  extreme,  light  form  not  uncommon  in  the  south- 
em  range  of  the  insect  is  shown  (fig.  2,  &)  for  comparison.  The 
length  is  a  trifle  less  than  one- fourth  inch. 

HISTORY  OF  SPREAD. 

From  the  scene  of  its  first  colonization  in  Queens  County,  the 
insect  migrated  to  the  other  truck-growing  portions  of  Long  Island. 
It  soon  reached  southern  Connecticut,  and  has  now  extended  its  range 
northward  through  that  State  and  Massachusetts  to  the  State  line  of 
Xew -Hampshire.  Southward  it  has  traveled  through  New  Jersey, 
where  it  was  first  noticed  in  1868,  eastern  Pennsylvania,  Delaware, 
and  Maryland  to  southern  Virginia  and  North  Carolina. 

Its  distribution  by  natural  means  has  been  mainly  by  the  flight  of 
the  beetles.  Undoubtedly,  also,  the  beetles  have  been  transported 
from  place  to  place  by  water,  both  up  and  down  stream  by  rising 
and  falling  tide,  as  the  fact  that  it  has  not  until  recently  deviated  far 
from  the  inmiediate  neighborhood  of  the  seacoast  and  of  large  water 
courses  near  the  coast  bears  abundant  testimony. 

Another  reason  for  the  prevalence  of  this  species  in  these  localities 
is  that  asparagus  was  originally  a  maritime  plant  and  has  escaped 
from  cultivation  and  grown  most  luxuriantly  in  the  vicinity  of  bodies 
of  water.  It  is  well  known  that  it  is  usually  upon  wild  plants  that 
these  insects  first  make  their  appearance  in  new  localities.  There  is 
evidence  also  that  their  dissemination  may  be  effected  by  what  Doctor 
Howard  has  termed  a  "commercial  jump,"  either  by  commerce  in 
propagating  roots,  among  which  the  insects  may  be  present  either 
as  hibernating  beetles  or  as  pupae,  or  by  the  accidental  carriage  of 
the  beetles  on  railroad  trains  or  boats. 

By  some  such  artificial  means  the  asparagus  beetle  had  found  its 
way  to  northwestern  New  York,  between  Rome  and  Buffalo,  and  to 
Ohio,  between  Cleveland  and  the  Pennsylvania  State  line.  During 
1896  its  course  was^  traced  along  the  Hudson  River  above  Albany. 
Inquiry  concerning  the  Ohio  occurrence  disclosed  the  fact  that  the 
plants  in  one  locality  were  brought  from  New  York.  The  presence 
of  this  insect  in  eastern  Massachusetts  at  about  the  same  time  was  in 
like  manner  probably  due  to  direct  shipments  of  roots  from  infested 
localities  to  Boston  and  vicinity. 

It  is  noticeable  that  up  to  this  time  its  inland  spread,  except  in  the 
neighborhood  of  water,  had  been  extremely  limited. 
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DISTRIBUTION  IN   1908. 

This  species  is  present  now  in  what  is  known  as  the  Upper  Austral 
life  zone,  although  in  certain  points  in  New  England  it  has  located 
in  what  is  considered  the  Transition  zone.  Its  course  up  the  Hudson 
River  lies  within  a  rather  narrow  strip  of  Upper  Austral.  In  all 
probability  it  is  destined  in  time  to  overspread  the  entire  Upper 
Austral  zone  and  to  make  its  way  to  some  extent  into  neighboring 
areas  in  which  it  may  find  cdnditions  for  its  continuance. 

Its  distribution  in  Massachusetts,  though  wide,  is  local.  In  New 
Hampshire  it  has  been  recorded  from  Nashua  and  Portsmouth.  It 
is  possible  that  in  a  few  years  it  may  be  able  to  encroach  slightly  upon 
the  bordering  States  of  Vermont,  in  the  vicinity  of  the  Connecticut 
River  Valley,  and  Maine,  near  the  New  Hampshire  seaboard.  It  is 
well  established  in  Connecticut,  occurs  in  Rhode  Island,  and  is  gen- 
erally distributed  through  New  Jersey,  Delaware,  and  Maryland, 
and  in  southeastern  Pennsylvania  near  the  Delaware  River.  It  was 
predicted  by  the  writer  that,  although  this  species  in  1896  was  still 
local  in  New  York  and  Ohio,  we  might  expect  within  a  few  years 
to  hear  of  its  invading  other  portions  of  those  States  lying  within 
the  Upper  Austral  zone;  Canada,  of  which  there  is  a  strip  of 
Upper  Austral  bordering  the  northern  shore  of  Lake  Erie;  and, 
later,  Indiana,  Illinois,  Kentucky,  and  States  farther  west.  By 
1897  the  species  had  occupied  the  strip  bordering  the  southern  shore 
of  Lake  Erie,  being  recorded  from  nine  counties  of  eastern  Ohio. 
The  following  year  it  was  noticed  in  western  Virginia.  In  1898  it 
was  reported  from  Benton  Harbor,  Mich.,  where,  however,  it  had 
been  present  since  1896.  By  1899  it  had  appeared  in  Canada  in  the 
Niagara  River  region  and  was  accompanied  by  the  twelve-spotted 
species.  The  insect  obviously  received  more  or  less  severe  setbacks  in 
succeeding  years,  but  by  1904  the  common  form  was  observed  about 
Toronto,  Canada,  and  about  4  miles  west  of  Chicago,  111.  It  has 
now  become  very  generally  distributed  in  the  asparagus-growing  sec- 
tions of  New  York  State,  having  reached  Glens  Falls,  its  northern- 
most recorded  limit  in  the  United  States.  In  Ohio  the  species  has 
been  established  near  Columbus  since  1903,  and  near  Cincinnati  since 
1905,  but  has  not  been  reported  from  Kentucky  or  Indiana,  although 
it  has  probably  invaded  the  latter  State. 

In  1904  the  occurrence  of  this  insect  at  Bouldin  Island,  California, 
was  reported,  but  the  following  year  it  could  not  be  found.  Its  dis- 
appearance was  attributed  to  the  fact  that  the  island  had  been  flooded, 
causing  the  death  of  the  pest.  In  1906,  however,  the  beetle  was 
reported  in  abundance  near  Oakley,  Cal. 

In  North  Carolina  the  species  is  well  established  in  the  east-central 
part,  including  portions  of  Wake,  Wayne,  Warsaw,  and  Duplin  coun- 
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ties.    The  species  has  also  been  reported  in  Wisconsin,  but  nothing 
has  been  learned  regarding  its  actual  distribution  in  that  State. 

HABITS    AND   LIFE   HISTORY. 

The  common  asparagus  beetle  passes  the  winter  in  the  adult  state 
under  convenient  shelter,  such  as  piles  of  rubbish,  sticks,  or  stones, 
or  under  the  loose  bark  of  trees  and  fence 
posts.     Toward  the  end  of  April  or  in  May, 
according  to  locality,  at  about  the  season  for 


Fig.    3. — Common   asparagus  beetle    {Criocerls  aaparagi)  :   o,    Beetle;    b,   egg;   c,   newly 
hatched  larva;  d,  full-grown  larva;  e,  pupa.     All  enlarged   (author's  Illustration). 

cutting  the  asparagus  for  market,  the  beetles  issue  from  their  hiber- 
nating quarters  and  lay  the  eggs  for  the  first  brood. 

The  egg  is  very  large  in  proportion  to  the  beetle,  being  nearly  a 
sixteenth  of  an  inch  in  length,  and  of  the  elongate-oval  form  illus- 
trated at  b  (fig.  3).  It  is  nearly  three  times  as  long  as  wide  and  of  a 
dark-brown  color.  The  eggs  are  deposited  endwise  upon  the  stem  or 
foliage  and  in  early  spring  on  the  developing 
btalks,  usually  in  rows  of  2  to  7  or  more  (fig.  4). 

In  from  three  to  eight  days  the  eggs  hatch, 
the  young  larvse,  commonly  called  '"  grubs  "  or 
"  worms,"  presenting  the  appearance  indicated 
in  fig.  3,  c.  The  head  of  the  newly  hatched  larva 
is  large,  black,  and  bead-like;  its  body  is  gray; 
and  its  three  pairs  of  legs,  black.  It  at  once  be- 
gins to  feed,  and  is  from  ten  days  to  a  fortnight, 
according  to  Fitch  and  others,  in  attaining  full 
size.  AMien  full  grown  the  larva  appears  as  in 
fig.  3,  d.  It  is  soft  and  fleshy,  much  wrinkled, 
and  of  a  dark  gray  or  olive  color,  sometimes  light, 
but  not  infrequently  very  dark.  The  head  is  shining  black,  as  are  also 
the  six  legs.  Each  segment  is  provided  with  a  pair  of  foot-like  tuber- 
cles, which,  with  the  anal  proleg,  assist  it  in  crawling  and  in  clinging 
to  the  plant.  The  mature  larva  enters  the  earth,  and  here,  within  a 
little  rounded,  dirt-covered  cocoon  which  it  forms,  the  pupa  state  is 
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Fig. 4. — Egps  of  common  as- 
paragus beetle  ( Cnocrria 
ajtp(i  ragi )  on  ax|  )a  rag  us 
burls.  Somewhat  en- 
larged (original). 


assumed.  The  pupa  is  yellowish  in  color,  and  its  appearance  is  suffi- 
ciently shown  by  the  illustration  (fig.  3,  e).  In  five  to  eight  or  more 
days  the  adult  beetle  is  produced,  which  in  due  time  issues  from  the 
ground. 

THE  LIFE  CYCLE. 

Of  the  duration  of  the  life  cycle  Fitch  has  remarked  that  it  is  about 
thirty  days  from  the  time  the  egg  is  laid  until  the  insect  grows  to 
maturity  and  comes  out  in  its  perfect  form,  but  that  the  time  will  be 
shorter  in  the  hottest  part  of  the  season  than  in  the  cooler  days  of 
May  and  June.    These  periods  are  for  Long  Island. 

During  a  hot  spell  in  midsummer  the  minimum  period  of  ovulation 
and  of  the  pupa  stage  was  observed  at  Washington,  D.  C.  Eggs  that 
were  laid  on  the  5th  of  August  hatched  on  the  8th,  or  in  three  days. 
A  larva  transformed  to  pupa  on  August  4  and  to  adult  August  9,  or 
in  five  days.  Allowing  ten  days  as  the  minimum  credited  period  of 
the  larval  stage,  a  day  or  two  for  the  larva  to  enter  the  ground  and 
form  its  cocoon,  and  two  or  three  days  more  for  the  beetle  to  mature 
and  leave  the  earth,  the  insect  is  again  ready  to  attack  its  food  plant 
and  to  continue  the  reproduction  of  its  kind  in  about  three  weeks 
from  the  time  that  the  egg  is  laid. 

This  may  be  fairly  taken  to  represent  the  minimum  midsummer 
life-cycle  period  of  the  species  in  the  District  of  Columbia  and  south- 
ward. In  the  colder  climate  of  New  England,  and  elsewhere  in  spring 
and  autumn  weather,  the  development  from  egg  to  beetle  will  require 
from  four  to  perhaps  seven  weeks.  The  hibernating  beetles  appear 
in  the  latitude  of  the  District  of  Columbia  as  early  as  April,  and 
beetles  of  a  later  brood  have  been  observed  in  abundance  in  October 
as  far  north  as  northern  Connecticut.  In  its  northern  range  two  and 
perhaps  three  broods  are  usually  produced,  and  farther  south  there 
is  a  possibility  of  four  or  five  generations  each  year. 

NATURAL   CHECKS. 

The  common  asparagus  beetle  has  very  efficient  natural  checks  in 
the  shape  of  predaceous  insects  of  many  kinds,  which  prey  upon  its 
larvae  and  assist  very  materially  in  preventing  its  increase.  One  of 
the  most  efficient  of  these  is  the  spotted  ladybird,  Megilla  maculata 
DeG.  The  beetle  is  rose-colored,  with  numerous  black  spots.  The 
convergent  ladybird  {Hippodamia  convergens  Guer.),  the  spined 
soldier-bug  {Podisus  maculirentris  Say),  and  the  bordered  sol- 
dier-bug {Stiretrus  anchorago  P'ab.,  fig.  5)  are  also  active  de- 
stroyers of  asparagus  beetle  larvse,  which  they  attack  and  kill  by 
impaling  them  upon  their  long  proboscides  and  sucking  out  their 
juices.  Certain  species  of  wasps  and  small  dragon-flies  also  prey 
upon  the  asparagus  beetle  grubs.    Two  of  the  most  abundant  of 
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these  are  Foliates  palUpes  Lep.  and  Ischnura  {Nehalennia)  poaita 
Hagen.  These  insects  hover  about  the  infested  plants  until  a  larva 
is  descried,  when  they  pounce  upon  it  and  carry  it  away. 

Asparagus  beetles  are  very  susceptible  to  sudden  changes  of  tem- 
perature, and  it  has  been  frequently  noticed  by  Mr.  C.  W.  Prescott,  of 
Concord,  Mass.,  that  immense  numbers  of  the  hibernating  beetles  are 
killed  in  winter  during  severely  cold  spells  following  "  open  "  weather, 
millions  of  their  dead  bodies  being  sometimes  found  under  bark  and 
in  other  hiding  places. 

The  intense  heat  that  prevailed  at  times  during  the  summer  of  1896, 
especially  during  the  first  two  weeks  of  August,  though  conducive  to 
the  undue  propagation  of  some  forms  of  insects,  had  the  opposite 
effect  upon  certain  species  that  feed  in  the  larval  condition  freely  ex- 
posed upon  the  plants.  In  the  vicinity  of  the  District  of  Columbia 
this  was  particularly  noticeable  in  the  case  of  the  larvee  of  this  aspara- 


FiG.   5.- 


-Bordered  soldier-bug  (Stiretrus  anchorago)  :  a.  Adult  bug;  h,  last  stage 
of  nymph.     Both  enlarged    (author's  Illustration  l 


gus  beetle.  Its  eggs  also  seemed  to  be  dried  up  by  the  heat.  What 
with  the  decimation  caused  by  their  natural  enemies  and  the  heat, 
scarcely  a  beetle  or  larva  was  to  be  found  that  year  after  the  last  of 
August. 

REMEDIES. 

Fortunately,  the  common  asparagus  beetle  is  not  difficult  of  control, 
and  ordinarily  may  be  held  in  restraint  by  the  simplest  means. 

Iland-piching  is  of  value  in  small  beds  but  must  of  necessity  give 
way  to  more  approved  methods  for  the  vast  numbers  of  the  beetles 
that  concentrate  their  forces  upon  the  large  areas  devoted  to  this 
crop  in  the  suburbs  of  our  large  cities. 

Chickens  and  ducks  are  efficient  destroyers  of  asparagus  beetles, 
and  as  they  do  no  injury  to  the  plant  their  services  are  still  in  requi- 
sition for  this  purpose  at  the  present  day.  f-^  t 
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Cultural  practices. — ^A  practice  in  high  favor  among  prominent 
asparagus  growers  is  to  cut  down  all  plants,  including  seedlings  and 
volunteer  growth,  in  early  spring,  so  as  to  force  the  parent  beetles  to 
deposit  their  eggs  upon  new  shoots,  which  are  then  cut  every  few  days 
before  the  eggs  have  time  to  hatch  for  the  first  new  brood. 

Other  measures  that  have  been  employed  with  advantage  consist  in 
cutting  down  the  seed  stems  after  the  crop  has  been  harvested,  and 
again  once  or  twice  during  the  cutting  season,  or  in  permitting  a  por- 
tion of  the  shoots  to  grow  and  serve  as  lures  for  the  beetles.  Here 
these  may  be  killed  with  insecticides,  or  the  plants,  after  they  become 
covered  with  eggs,  may  be  cut  down  and  burned,  and  other  shoots 
allowed  to  grow  up  as  decoys.  The  trap  plants  should  be  destroyed 
as  often  as  once  a  week. 

With  concerted  action  on  the  part  of  growers  in  following  out  any 
of  these  last  methods  the  inr^ects  may  be  held  in  check,  at  least  in 
a  region  where  asparagus  does  not  grow  wild  in  too  great  profusion. 
Where  this  is  not  practicable,  insecticides  must  be  brought  into  serv- 
ice. It  is  well  in  any  case  to  employ  insecticides  after  the  cutting 
season,  since  if  the  insects  are  destroyed  at  this  time  their  numbers 
will  be  lessened  for  the  next  year. 

Lime. — One  of  the  best  remedies  against  the  larvae  is  fresh,  air- 
slaked  lime,  dusted  on  the  plants  in  the  early  morning  while  the  dew 
is  on.  It  qjuickly  destroys  all  the  grubs  with  which  it  comes  in 
contact. 

Pyrethrum  is  credited  with  being  useful,  and  a  mixture  of  soft 
soap,  quassia  decoction,  and  water  (about  equal  parts  of  the  first  two 
to  5  of  the  last  named)  is  effective  against  the  larvae;  but  these 
remedies  hardly  commend  themselves  for  extensive  use. 

Arsenicals. — The  arsenicals,  applied  dry  mixed  with  flour,  as  for 
potato  beetles,  answer  well ;  they  possess  the  advantage  of  destroying 
beetles  as  well  as  grubs,  and  are  of  value  upon  plants  that  are  not 
being  cut  for  food.  Some  use  a  mixture  of  Paris  green  and  air- 
slaked  lime,  or  plaster,  2  pounds  of  the  former  to  a  barrel  of  the 
latter.  To  produce  satisfactory  results  the  lime  or  arsenical  must 
be  applied  at  frequent  intervals,  or  as  often  as  the  larvae  reappear 
on  the  beds. 

Arsenate  of  lead  has  given  excellent  results.  This  insecticide  has 
come  into  very  general  use  in  recent  years  for  the  control  of  leaf- feed 
ing  beetles,  such  as  the  potato  l)eetles  and  asparagus  beetles.  In^Con- 
necticut  Dr.  W.  E.  Britton  tested  it  on  asparagus,  spraying  the  plants 
from  all  four  sides  in  succession  because  of  the  slight  leaf  exposure 
as  compared  with  most  other  forms  of  plants.  Good  results  followed. 
The  same  amount  of  benefit  should  be  accomplished  with  scarcely 
greater  expense  by  spraying  from  opposite  sides  and  repeating  this 
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before  the  beetles  of  the  last  generation  develop  or  at  least  in  time 
to  destroy  them  before  they  get  into  winter  quarters.  In  Pennsyl- 
vania Prof.  H.  A.  Surface  made  a  comparative  test  of  the  value  of 
Paris  green  and  arsenate  of  lead,  learning  that  not  more  than  50 
per  cent  of  the  insects  were  killed  when  Paris  green  and  lime  were 
used,  while  90  per  cent  were  killed  with  arsenate  of  lead.  In  a  third 
experiment,  in  which  resin  soap  was  added  to  make  the  latter  insecti- 
cide adhere  more  closely  to  the  plants,  all  of  the  insects  were  killed  on 
50  plants  treated.  In  this  case  the  arsenate  of  lead  was  used  at  the 
rate  of  1  pound  to  24  gallons  of  water,  and  2^  pounds  of  resin  soap 
was  added  to  render  the  mixture  more  adhesive. 

In  the  North,  where  these  experiments  were  made,  they  were  begun 
the  first  of  June.  Arsenate  of  lead  has  been  used  with  satisfactory 
results  on  asparagus  at  the  rate  of  1  pound  in  16  gallons  of  water, 
but  some  additional  experiments  are  necessary  to  ascertain  the  exact 
amount  of  the  poison  that  can  be  used  economically  to  produce  the 
required  result.  In  ordinary  weather  a  second  spraying  of  arsenate 
of  lead  with  a  resin  soap  added  is  desirable,  especially  if  rainfall 
intervenes. 

More  specific  information  in  regard  to  the  method  of  preparing 
and  applying  arsenate  of  lead  is  given  in  Circular  No.  87,  which  may 
be  obtained  gratis  on  application. 

Everything  considered,  injury  by  this  species  is  most  noticeable 
when  the  beetles  are  working  on  the  asparagus  tips  at  the  time  they 
are  being  cut  for  food  or  market,  as  more  fully  described  on  page  2. 
It  is,  of  course,  impossible  to  apply  arsenicals  to  the  edible  product 
owing  to  the  danger  of  poisoning  human  beings.  About  all  that  can 
be  done  at  this  time  is  to  cut  as  frequently  as  possible,  but  after  the 
cutting  season  is  over  the  arsenicals  may  be  freely  used  in  accordance 
with  the  directions  already  given. 

The  brushing  method, — A  simple  and  inexpensive  method  of  kill- 
ing the  larv^  in  hot  weather  is  to  beat  or  brush  them  from  the  plants 
with  a  stick  so  that  they  will  drop  to  the  bare  ground.  The  larva* 
are  delicate  creatures,  and,  as  they  crawl  very  slowly,  few  are  able 
to  regain  shelter  of  the  plants,  but  die  when  exposed  to  the  heated 
earth.     The  same  method  is  in  use  against  the  pea  aphis. 

THE  TWELVE-SPOTTED  ASPARAGUS  BEETLE. 

(Crioceris  duodccim punctata  L.) 

A  rarer,  and  consequently  less  injurious  species  than  the  pre- 
ceding is  the  twelve-spotted  asparagus  beetle.  It  is  generally  dis- 
tributed in  Europe,  where  it  is  apparently  native  and,  although 
common,  not  especially  destructive.  Like  the  preceding,  it  lives  ex- 
clusively on  asparagus,  and  the  chief  damage  it  d^§.^i§^(^(^^M^ 
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depredations  of  the  hibernated  beetles  in  early  spring  upon  the  young- 
and  edible  asparagus  shoots.  Later  generations  attack  the  foliage, 
living,  for  at  least  a  considerable  portion  of  the  larval  stage,  within 
the  ripening  berries. 

INTRODUCTION    AND   SPREAD   IN    THE   UNITED   STATES. 

The  presence  of  this  insect  in  America,  as  has  been  stated,  was  first 
discovered  in  1881,  and  in  the  vicinity  of  Baltimore,  Md.  This 
beetle  was  noticed  in  considerable  numbers  from  the  first,  showing 
that  it  had  probably  been  introduced  several  years  earlier.  At  that 
time  it  was  quite  local,  occurring  only  at  the  mouth  of  the  Furnace 
Branch  of  the  Patapsco  River  at  a  point  a  few  miles  south  of  Balti- 
more. It  was  then  seen  only  on  volunteer  asparagus  growing  on  the 
salty  margin  of  this  river,  although  beds  of  cultivated  asparagus  were 
plentiful  in  the  immediate  vicinity.  Two  years  later  it  had  proved 
even  more  troublesome  than  the  common  asparagus  beetle. 

Assuming  Baltimore  to  have  been  the  original  center  of  distribu- 
tion, the  twelve-spotted  asparagus  beetle  has  been  traced  southward 
through  Anne  Arundel  and  Prince  George  counties  to  the  District  of 
Columbia,  where  it  was  detected  five  years  from  the  time  of  its  first 
discovery. 

In  1892  it  was  reported  to  have  appeared  in  considerable  numbers 
on  asparagus  stalks  that  had  been  cut  down  upon  a  farm  in  Carroll 
County,  Md.  The  same  year  its  appearance  was  announced  in  Glou- 
cester County,  in  southern  New  Jersey,  and  the  following  year  in 
Cumberland  and  Camden  counties  of  the  same  State.  To  have 
reached  these  points  the  insect,  obviously,  had  traversed  the  inter- 
vening territory  in  Maryland,  the  northern  half  of  Delaware,  and 
Salem  County,  N.  J.  It  was  also  found  to  have  reached  Virginia, 
near  Washington.  In  1894  it  had  extended  northward  to  Burlington 
County,  N.  J.,  and  westward  to  Philadelphia  County,  in  Pennsyl- 
vania. The  same  year  it  was  detected  in  Queen  Anne  County,  Md., 
and  near  Rochester,  X.  Y.  Two  years  later  it  established  itself  in 
Charles  County,  Md.,  and  had  penetrated  as  far  south  in  Virginia 
as  Westmoreland  County. 

In  May,  189G,  a  serious  invasion  was  reported  in  Prince  George 
County,  Md.,  where  the  beetles  attacked  the  young  shoots,  gnawing 
off  the  heads  as  soon  as  they  showed  above  ground,  thus  entirely  unfit- 
ting the  crop  for  market. 

Nearly  every  year  since,  it  has  been  reported  in  new  localities  in  the 
United  States  and  Canada  until  now  it  is  well  distributed  westward 
and  northward.  In  1898  it  had  become  generally  distributed  in  New 
Jersey  "  south  of  the  shale  from  the  Atlantic  coast  to  the  Delaware."' 
Next  year  it  was  recorded  in  twelve  counties  in  New  York^as  far  west 
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Fia.  6. — Twelve-spotted  asparagus  beetle  (Crioceris 
duodccimpunciata)  :  a.  Beetle;  h,  larva;  c,  second 
abdominal  segment  of  larva ;  d,  same  of  C.  aaparagl. 
a,  h.  Enlarged ;  c,  d,  more  enlarged.  (Author's  illus- 
tration.) 


as  Buffalo  and  in  the  following  years  generally  throughout  New  York 
State,  as  also  in  the  Niagara  district  in  Canada. 

An  interesting  fact  in  the  occurrence  of  the  asparagus  beetles  in  the 
Niagara  peninsula  was  that  the  two  species  arrived  almost  simulta- 
neously and  that  the  twelve-spotted  form  was  the  dominant  one.  By 
1902  the  latter  had  ap- 
peared in  Connecticut, 
at  New  Haven,  and  later 
in  other  portions  of  that 
State.  \    m^    g  j, 

DESCRIPTION,       LIFE       HIS- 
TORY,  AND  HABITS. 

The  mature  beetle  ri- 
vals the  common  species 
in  beauty,  but  may  be 
distinguished  by  its 
much  broader  elytra  and 
orange-red  color.  Each 
wing  cover  is  marked 
with  six  black  dots,  and 
the  knees  and  a  portion  of  the  under  surface  of  the  thorax  are  also 
marked  with  black  (fig.  6,  a).  The  beetle,  as  it  occurs  on  the  plant 
when  in  fruit,  very  closely  resembles  at  a  little  distance  the  ripening 
asparagus  berry. 

The  common  asparagus  beetle,  as  is  well  known,  dodges  around  a 
stem  like  a  squirrel  when  disturbed,  but  the  twelve- 
spotted  form  appears  to  trust  to  flight,  taking 
wing  more  readily.  Both  species  make  a  loud 
creaking  sound  when  handled,  by  what  is  called 
stridulation,  produced  in  the  present  species  by 
rubbing  the  tip  of  the  abdomen  against  the  elytra. 
The  full-grown  larva  is  shown  at  h  (fig.  G).  It 
measures,  when  extended,  three-tenths  of  an  inch 
(8  mm.),  being  of  about  the  same  proportions  as 
the  larva  of  the  common  species,  but  is  readily 
separable  by  its  orange  color.  The  ground  color 
is  light  yellowish  cream  with  an  overlay  of  ochra- 
ceous  orange  which  is  most  pronounced  on  the  ex- 
terior portions  of  the  abdominal  segments.  The 
head,  with  the  exception  of  the  mouth-parts,  is  also  ochraceous, 
the  thoracic  plate  is  prominent,  divided  into  two  parts,  and  is  of  a 
dark-brown  color.  Enlarged  figures  of  the  .second  abdominal  seg- 
ment of  both  species  are  presented  at  c  and  d  (fig.  6)  for  comparison. 
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thor's Illustration.) 
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In  Europe,  where  this  species  is  native,  it  is  common,  but  not 
especially  destructive. 

The  chief  damage  is  from  the  work  of  the  hibernated  beetles  in 
early  spring  upon  the  young  and  edible  asparagus  shoots.  Later 
beetles  as  well  as  larvce  appear  to  feed  exclusively  on  the  berries. 
The  eggs  are  deposited  singly,  and  apparently  by  preference,  upon 
old  plants,  toward  the  ends  of  shoots,  which,  lower  down,  bear  ripen- 
ing berries,  and  they  are  attached  along  their  sides  (fig.  7),  instead  of 
at  one  end  as  with  the  common  species.  Soon  after  the  larva  hatches 
it  finds  its  way  to  an  asparagus  berry,  enters  it,  and  feeds  upon  the 
pulp.  In  due  time  it  leaves  this  first  berry  for  another  one,  and 
when  full  growth  is  attained  it  deserts  its  last  larval  habitation  and 
enters  the  earth,  where  it  transforms  to  pupa  and  afterwards  to  the 
beetle.  The  life  cycle  does  not  differ  materially  from  that  of  the 
common  species,  and  there  is  probably  the  same  number  of  genera- 
tions developed,  or  nearly  as  many. 

REMEDIES. 

The  remedies  are  those  indicated  for  the  common  asparagus  beetle, 
with  the  possible  exception  of  caustic  lime  and  some  other  measures 
that  are  directed  solely  against  the  larva?  of  that  species,  but  the 
habit  of  the  larva  of  living  within  the  berry  places  it  for  that  period 
beyond  the  reach  of  insecticides.  The  collection  and  destruction  of 
the  asparagus  berries  before  ripening  might  be  a  solution  of  the 
problem,  but  it  is  questionable  if  recoui-se  to  this  measure  would  be 
necessary,  save  in  case  of  an  exceptional  abundance  of  the  insect. 

Approved : 

James  Wilson, 

Secretai^y  of  Agriculture, 

Washington,  D.  C,  April  15^  1908. 
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United  States  Department  of  Agriculture, 

BUREAU  OF  ENTOMOLOGY, 
L.  O.'  HOWARD,  Entomologist  and  Chief  of  Bureau. 


THE  HARLEQUIN  CABBAGE  BUG. 

{Murgantia  histrionica  Hahn.) 

By  F.  H.  Chittenden, 
Entomologist  in  Charge  of  Breeding  Experiments. 

INTRODUCTORY. 

A  moderate-sized  red  and  black  plant-bug,  variously  known  as 
calico  back,"  "  fire  bug,"  and  "  terrapin  bug,"  as  well  as  harlequin 


Fig.  I. — Harlequin  cabbage  bag  (Murgantia  hUtrionica)  :a.  Adult;  6,  egg  mass;  c,  first 
stage  of  nymph;  d,  second  atage ;  c,  third  stage;  /,  fourth  stage;  g,  fifth  stago.  AH 
enlarged  (original). 

cabbage  bug,  is  the  most  destructive  insect  enemy  of  cabbage  and 
related  crops  in  the  southern  part  ,of  the  United  States.  At  one  time 
it  was  a  serious  pest  north w^ard  to  New  Jersey  and  westward  to  Ohio 
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und,  indeed,  threatened  to  invade  New  York  and  New  England.  In 
recent  years,  however,  its  progress  in  the  northern  States  has  been 
cheeked  by  atmospheric  conditions. 

This  plant-bug  accomplishes  its  work  of  destruction  by  sucking  the 
sap  from  leaves  and  veins  of  cabbage  and  other  crucifers,  the  af- 
fected plants  wilting,  withering,  and  dying  as  if  they  had  been  swept 
by  fire,  whence  the  name  "  fire  bug."  It  is  a  pest  which,  if  permitted 
to  propagate  unmolested  in  seasons  which  favor  its  inci^ase,  is  certain 
to  destroy  a  portion  if  not  all  of  the  fields  which  it  infests.  A  half 
dozen  mature  insects  are  capable  of  destroying  a  small  plant  in  one 
or  two  days.  Some  years  ago,  when  this  species  was  abundant  in 
the  vicinity  of  the  District  of  Columbia,  the  writer  saw  many  large 
fields  in  Maryland  and  Virginia  from  which  not  a  single  good  cab- 
bage could  be  picked,  and  observed  similar  injury  to  horse-radish 
and  some  other  crucifers. 

The  harlequin  bug  has  been  compared  to  the  boll  weevil  as  a  pest 
in  the  South  and  to  the  San  Jose  scale  as  a  scourge  in  New  Jersey. 
Certainly  it  is  to  the  cabbage  grower  what  the  other  two  insects  are 
to  the  cotton  planter  and  fruit  raiser  respectively.  If  growers  gen- 
erally, however,  will  undertake  the  methods  of  control,  as  advised 
in  this  circular,  there  is  no  reason  why  it  should  be  longer  destructive. 

DESCRIPTIVE. 

The  name  harlequin  cabbage  bug  scarcely  requires  explanation  to 
any  one  familar  with  the  appearance  of  the  insect.  Its  gay  red  and 
black  ornamentation  is  suggestive  of  the  dress  of  the  stage  harlequin. 
In  the  figure  of  the  adult  (fig.  1,  a)  the  dark  portions  illustrated  are 
either  black  or  dark  metallic  blue  and  the  light  portions  are  bright 
yellow  in  freshly  transformed  bugs  and  red  in  fully  hardened  in- 
dividuals. 

The  eggs  (fig.  1,  6)  are  beautiful  objects  and  remarkable  for  the 
fact  that  they  closely  imitate  in  miniature  white  barrels  bound  with 
black  hoops  and  with  black  spots  set  in  the  proper  place  for  bung- 
holes. 

The  younger  stages,  or  nymphs,  of  this  species  bear  considerable  re- 
semblance to  the  mature  form,  differing,  however,  in  the  lack  of 
wings  and  in  having  only  four  joints  to  the  antennae,  whereas  the  adult 
has  five.  There  are  five  stages  in  all,  illustrated  at  c,  cZ,  ^,  /,  and  g. 
In  the  third  and  fourth  nymphal  stages  the  body  is  hemispherical  and 
the  resemblance  to  a  turtle  or  terrapin  is  striking. 

DISTRIBUTION. 

The  harlequin  cabbage  bug  is  a  native  of  Mexico  and  Central 
America — where  it  obviously  originated — and  perhaps  also  of  the 
semitropical  regions  in  Texas,  Arizona,  and  New  Mexico.    It  was  first 
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recorded  in  injurious  numbers  in  Texas,  in  Washington  County,  in 
1864,**  and  since  then  has  traveled  gradually  northward,  although  not 
with  uniform  rapidity.  Normally  the  species  is  probably  tropical  and 
has  l)een  diffused  through  two  additional  life  zones,  the  Lower  and 
Upper  Austral.  In  the  latter  zone,  however,  it  has  not  become  per- 
manently established  much  farther  north  than  about  the  lower  or 
warmer  half.  The  region  about  Norfolk,  Va.,  "  the  gateway  of  the 
South,"  is  probably  the  northern  limit  of  actual  establishment  in  the 
East. 

A  year  or  two  following  its  discovery  as  a  pest  this  species  had  in- 
vaded Louisiana,  and  by  1867  was  recorded  from  North  Carolina.  Its 
spread  was  most  noticeable  along  the  Atlantic  seaboard  and  up  the 
Mississippi  River  valley.  In  1870  it  had  appeared  in  Missouri  and 
Tennessee,  and  by  1876  had  reached  Delaware.  In  Maryland  and  Vir- 
ginia, however,  it  did  not  attract  attention  until  1880.  It  was  first 
recorded  as  injurious  in  New  Jersey,  at  Woodbury,  in  1892,^  and  in 
1894  it  was  seen  at  Jamaica  and  "  New  Lots  Road,"  New  York.*' 

Westward  we  have  oflBce  records  of  its  occurrence  in  Colorado  in 
1882,  at  Pueblo  and  Denver,  but  it  has  never  been  an  important  pest 
in  that  region,  and  it  was  not  until  1890  that  it  was  recorded  in 
Indiana  and  not  till  1891  in  Ohio.  In  the  latter  State  it  progressed 
steadily  northward  until  it  was  checked  by  the  .same  atmospheric 
conditions  which  prevailed  in  the  Eastern  States  and  which  will  be 
mentioned  presently.  In  the  Pacific  region  the  species  is  well  estab- 
lished in  southern  California,  but  there  seems  to  be  no  published 
record  of  the  time  of  its  first  appearance  in  that  State.  We  received 
specimens  from  San  Diego,  Cal.,  as  early  as  1878,  The  insect  is  also 
recorded  from  Nevada. 

The  dispersion  of  this  species  in  the  Middle  States  has  been  traced 
by  Mr.  F.  M.  Webster,**  and  from  what  has  just  been  stated  and  what 
has  been  placed  on  record  by  Messrs.  Webster  and  Howard  it  is  very 
evident  that  it  has  become  diffused  largely  by  what  Doctor  Howard 
terms  "  commercial  jumps,"  as  in  the  case  of  insects  like  the  aspara- 
gus beetle.  This  is  a  matter  quite  simple  of  accomplishment,  as  fertile 
egg  masses  can  be  carried  long  distances  on  the  insect's  food  plants — 
for  example,  on  the  outer  leaves  of  cabbages — by  railroads  and  by 
boat.  It  will  be  noted  that  after  the  establishment  of  the  pest  in 
Delaware  it  did  not  attract  attention  farther  north  until  twenty 
years  later;  also,  that  other  introductions  were  made  in  different 
directions  quite  independently  of  each  other. 

*  Hecorded  by  Gideon  Lineecum,  Practical  E3ntomologlst,  Vol.  I,  p.  110,  Aug.  21, 
3866, 
MJntner,  Oth  Kept.  New  Yoric  State  Ent  f.  1892  (1803),  pp.  315-317,  441. 
'^Sirrine,  BuU  83,  New  York  Agl.  Exp.  Sta.  (Geneva),  Dec.,  1804,  p.  683. 
*Proe.  Ent  Soc.  Wash.,  Vol.  Ill,  pp.  288-290,  1806. 
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To  recapitulate:  This  species  has  obviously  become  diffused  from  a 
central  point  of  dispersal,  Mexico,  chiefly  in  the  following  three  direc- 
tions: (1)  From  Texas  eastward  through  the  Gulf  States  and  north- 
ward along  the  Atlantic  seaboard  to  Long  Island;  (2)  from  Texas 
northward  through  the  Mississippi  Valley  and  thence  through  the 
Ohio  River  region  into  Ohio;  (3)  from  Mexico  into  the  neighboring 
States  and  Territories,  and  from  Lower  California  into  southern  Cali- 
fornia and  Nevada. 

The  northward  migration  of  the  harlequin  bug,  although  not  with- 
out interruption,  was  apparently  quite  steady  until  recent  years. 
Beginning  with  the  year  1897,  at  which  time  the  insect  had  reached 
its  maximum  as  a  pest  in  Maryland,  Virginia,  Delaware,  and  adjoin- 
ing States,  climatic  conditions  adverse  to  its  existence  developed. 
These  consisted  of  sudden  changes  of  temperature,  such  as  cold  snaps 
followed  by  warm-  spells  and  the  reverse  during  the  winter.  As  a 
result  this  bug,  with  several  other  forms  of  southern  origin,  was  killed 
while  hibernating  and  practically  disappeared  in  the  North  until,  at 
the  date  of  writing  (1908),  it  is  scarcely,  if  ever,  reported  as  in- 
jurious from  the  District  of  Columbia  northward.  These  conditions 
were  particularly  noticeable  in  the  winter  of  1898-99.*  Small  scat- 
tering colonies  are,  however,  occasionally  found  in  this  region,  chiefly 
on  wild  plants,  late  in  the  fall. 

LIFE    HISTORY. 

in  the  warm  and  equable  climate  of  the  South  where  this  species 
is  at  home  it  is  more  or  less  active  throughout  the  year.  Farther 
northward,  however,  after  the  first  severe  frosts  of  December  it  goes 
into  hibernation  in  tufts  of  grass  or  under  rubbish  at  the  bases  of 
cabbage  stalks  or  in  any  convenient  place.  This  takes  place  chiefly 
in  the  adult  stage,  although  some  nymphs  of  the  last  stages  remain 
afield  as  late  as  November  and  December.  Doubtless  the  nymphs 
succumb  in  time  to  cold,  and  hence  fail  to  survive  the  winter.^  The 
first  warm  days  of  February  or  March,  in  the  Gulf  region,  or  of 
April,  farther  north,  see  the  bugs  appear  abroad  and  beginning  to 
feed.  At  first  wild  mustard  and  other  cruciferous  weeds  are  attacked 
and  soon  the  insects  are  ready  to  reproduce  their  kind.  On  these  wild 
plants  the  eggs  are  deposited,  on  end,  generally  in  two  more  or  less 

«  See  Bui.  22,  n.  s.,  Dlv.  EJnt.,  U.  S.  Dept  Agric,  pp.  54,  55. 
^  A  number  of  adults  and  nymphs  in  the  last  two  stages  obtained  from  Lam- 
bert's Point,  Va.,  October  21,  1907,  were  placed  in  a  rearing  cage  with  growing 
cabbage  plants,  grass,  and  similar  rubbish  to  provide  means  of  hibernation.  For 
over  a  month  or  until  some  time  in  December  the  insects  continued  feeding,  but 
when  examined  during  the  first  week  of  March  it  was  found  that  all  had  suc- 
cumbe*!  to  the  severe  cold  weather  of  February. 
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parallel  rows  cemented  together  in  groups  of  about  a  dozen,  as  shown 
in  figure  1.  They  are  normally  placed  on  the  under  side  of  the  leaves 
and  hatch,  in  warm  weather,  in  three  or  four  days  after  deposition 
and  in  five  to  eight  days  in  the  cooler  weather  of  early  spring.  The 
young  bugs  or  nymphs  pass  through  their  five  stages  of  metamor- 
phosis with  considerable  rapidity.  It  has  been  stated  that  the  life 
cycle  could  be  completed  in  warm  weather  in  about  two  weeks,  but 
this  is  obviously  an  exaggeration,  as  it  requires  four  or  five  weeks  for 
the  completion  of  the  cycle  in  related  insects. 

The  life  periods  of  this  species  were  unknown  until  worked  out 
by  Mr.  H.  O.  Marsh,  of  this  oflBce.  Specimens  (from  Texas)  were 
under  observation  from  the  first  week  of  March  until  the  first  week 
of  May.  They  were  under  somewhat  unnatural  conditions,  being 
confined  in  our  oflBce  room,  which  was  maintained  during  this  period 
at  an  average  temperature  of  from  G8°  to  70°  F.  The  first  or  egg 
stage  covered  11  days.  The  time  from  the  hatching  of  the  eggs  until 
the  first  molt  gave  the  first  larval  instar  or  nymph  period  7  days; 
the  second  instar  required  13  days;  the  third,  8  days;  the  fourth,  14 
days,  while  the  fifth  or  pupal  instar  covered  17  days — a  total  of  70 
days,  or  10  weeks,  in  all,  which  will  be  not  far  from  the  maximum 
active  period  of  this  species.  The  minimum  will  probably  fall  into 
much  lower  figures,  probably  half  of  this  time,  or  at  mast  not  more 
than  42  days  in  extremely  hot  midsummer  weather. 

When  cabbage  and  similar  plants  come  up  the  insects  migrate  to 
them.  It  has  been  surmised  that  owing  to  the  rapid  development  of 
the  cabbage  bug  in  the  South  there  is  a  possibility  of  as  many  as  seven 
or  eight  generations  each  year,  while  in  the  North  three  or  more  occur. 
The  first  supposition  is  doubtless  overdrawn,  as  we  know  of  no  simi- 
lar insect  producing  so  many  generations  annually.  This  is  a  prob- 
lem for  future  study.  It  seems  probable  that  four  or  five  generations 
would  be  a  more  natural  limit  in  the  South  and  two,  or  possibly 
three,  in  the  North. 

FOOD  PLANTS. 

In  the  autumn  after  the  cabbage  crop  has  been  made  and  in  early 
winter,  even  as  far  north  as  Washington,  the  bugs  are  still  afield, 
seeming  loath  to  seek  shelter  for  the  cold  months.  At  this  time  they 
cluster  on  cabbage  stalks  and  sprouts  and  the  leaves  of  turnip  and  like 
plants,  and  when  the  supply  of  crucifers  has  become  exhausted  they 
will  attack  almost  any  form  of  succulent  vegetation  which  is  most 
available  and  palatable. 

On  one  farm  the  writer  observed  a  field  of  10,000  cabbage  plants 
completely  ruined,  which  at  the  time  of  his  visit,  the  first  week  in 
October,  had  been  deserted  by  the  bugs.     An  adjoining  field  of  pota- 
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toes  was  then  attacked,  afterwards  one  of  eggplant,  and  numerous 
bugs  in  various  stages  were  observed  sucking  the  juices  of  these 
plants.  Unripe  fruit  of  eggplant  was  especially  relished,  and  ripe 
pods  of  okra  and  beans  were  also  attacked. 

The  list  of  useful  plants  which  this  species  has  been  found  to 
damage  includes  all  forms  of  crucifers  or  cole  crops — cabbage  and 
related  plants,  kale,  collards  and  cauliflower,  turnips,  radish,  horse- 
radish, mustard,  rape,  and  the  like — and  when  these  crops  have  been 
killed  out  truck  crops  of  nearly  all  kinds  are  attacked,  of  which  egg- 
plant, asparagus,  potatoes,  tomatoes,  okra,  beans,  and  beets  are  most 
affected.  Damage  is  sometimes  done  to  ornamental  plants  such  as 
roses,  sunflowers,  and  chrysanthemums  in  flower  gardens,  and  Mr. 
J.  M.  Rankin,  while  an  agent  of  this  Bureau  at  Chico,  Cal.,  in  Octo- 
ber, 1905,  reported  that  this  species,  after  entirely  destroying  a  half- 
acre  plat  of  cabbage,  attacked  the  other  plants  in  the  vicinity,  includ- 
ing nursery  plants  of  citrus,  loquat,  cherry  and  plum,  squash,  egg- 
plant, "  and  in  fact  everything  green."  The  fruit  of  grapes  and 
late  corn  has  also  been  attacked.  The  bugs  are  very  partial  to  rag- 
weed (Ambrosia),  pigweed  (Amarantus),  wild  lettuce  {Lactuca 
canadensis)  ^  and  lambsquarter  (Chenopodium),  congregating  on  all 
parts  of  these  weeds  but  appearing  to  prefer  the  stems. 

The  wild  food  plants  on  w;hich  the  species  actually  breeds  include 
wild  mustard  and  cresses  of  different  kinds,  shepherd's  purse,  pepper- 
grass,  bitter-cress,  rock-cress,  and  practically  all  other  plants  of  the 
mustard  family  (Crucifera*)  as  well  as  some  of  the  closely  related 
caper  family  (Capparidacea?). 

NATURAL  ENEMIES. 

The  comparative  freedom  from  the  attack  of  natural  enemies 
which  the  harlequin  cabbage  bug  enjoys  is  remarkable,  and  is  due  to 
two  causes :  First,  to  the  warning  type  of  its  coloration — black  and  red 
or  yellow ;  and,  second,  to  its  distasteful  odor  and  flavor.  This  latter 
has  been  tested  frequently.  In  the  writer's  experience  birds  that 
would  attack  most  common  insects  would,  when  offered  one  of  these 
bugs,  either  peck  at  it  or  look  at  it  askance,  or  if  by  chance  they  ate 
a  bug  they  did  not  repeat  the  dose. 

Nevertheless  the  insect  has  one  effective  natural  enemy,  a  minute 
parasite,  Trissolcus  murgantial  Ashm.,  which  develops  in  the  egg. 
Prof.  H.  A.  Morgan  when  in  Louisiana  discovered  that  out  of  over 
a  thousand  eggs  under  observation  in  1902  nearly  all  were  killed 
by  this  useful  little  creature.  The  eggs  are  also  attacked  by  Ooen- 
cyrtv^  johnsoni  How.  and  have  been  parasitized  artificially  by  Tris- 
soleus  podisi  Ashm. 
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This  species  is  also  preyed  upon  by  another  bug,  Arilus  cristatus 
L.,  the  wheel  bug,  which  the  writer  has  frequently  seen  attacking  the 
young  harlequins. 

The  influence  of  natural  elements,  particularly  cold  winters,  has 
already  been  mentioned  as  a  means  of  decimating  this  pest.  It  is  well 
to  add,  however,  that  the  writer  had  this  species  under  close  obser- 
vation in  1899,  and  that  as  a  result  of  sudden  cold  snaps,  85  per  cent 
of  the  bugs  in  fields  near  Washington  in  that  year  had  been  killed  by 
January  15,  1900. 

METHODS   OF    CONTROL. 

The  experience  of  years  has  shown  that  in  order  to  obtain  the  best 
results  in  the  treatment  of  the  harlequin  cabbage  bug  preventives  are 
necessary,  as  there  is  great  difficulty  in  obtaining  insecticides  which 
are  effective  and  which  do  not  at  the  same  time  injure  or  kill  the 
plants.  These  preventives  are:  (1)  Clean  cultural  methods,  espe- 
cially in  the  fall ;  (2)  the  use  of  trap  crops  of  mustard  or  other  plants 
in  the  spring,  and  (3)  hand  methods.  With  strict  observance  of  clean 
farming  few  of  the  insects  will  survive  the  following  spring  and  the 
adoption  of  trap  crops  leaves  fewer  still  to  be  destroyed  by  mechanical 
measures.  In  some  cases  all  three  methods  should  be  adopted,  for  if 
they  are  neglected  the  grower  will  find  it  a  most  vexatious  matter  to 
control  the  pest  in  the  midst  of  the  growing  season. 

Clean  cultural  methods, — Of  prime  importance  are  clean  cultural 
methods.  The  value  of  clean  methods  of  farming  has  been  recognized 
by  nearly  everyone  who  has  had  experience  witli  this  insect.  The 
practice  of  leaving  stalks  of  cabbage  and  other  cruciferous  plants  in 
the  field  late  in  the  autumn  and  in  the  early  winter,  or  of  permitting 
rank  weeds  to  grow  up,  or,  in  fact,  allowing  any  sort  of  debris  to  accu- 
mulate, serves  as  a  means  of  protracting  the  life  of  this  insect,  as  all 
such  material  either  affords  it  food  late  in  the  season  or  quarters  for 
protection  against  the  elements  during  winter.  It  is  even  inad- 
visable to  plant  crucifers  in  the  vicinity  of  outhouses  and  barns,  as 
the  bugs  are  apt  to  enter  these  latter  for  passing  the  winter. 

Throughout  the  year  wild  plants  of  the  mustard  family,  on  which 
the  insect  chiefly  breeds,  should  be  carefully  kept  down  not  only  in 
the  fields  but  in  the  immediate  neighborhood.  A  list  of  such  plants  is 
given  on  page  6. 

Trap  crops, — Some  plants,  such  as  cabbage,  turnip,  or  kale,  may  be 
planted  late,  to  be  left  at  intervals  throughout  infested  fields.  These 
trap  plants  attract  the  insects  in  the  fall,  and  here  the  latter  may  be 
killed  with  pure  kerosene,  or  by  mechanical  methods.  Where  it  is  con- 
venient to  leave  piles  of  rubbish  until  the  insects  are  attracted  to 
them  this  may  be  done,  and  the  entire  material,  insects  and  all,  should 
then  be  burned. 
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The  best  remedy,  however,  and  one  that  should  be  put  into  opera- 
tion by  every  cabbage  grower  who  is  troubled  by  this  pest,  consists  in 
planting  an  early  crop,  which  may  be  either  mustard,  rape,  or  kale, 
as  a  lure  for  the  first-appearing  insects.  Radish  and  turnip  serve  a 
similar  purpose.  In  the  Gulf  States  the  overwintered  adults  appear 
in  February  and  March,  and  in  the  District  of  Columbia  and  vicinity 
in  the  latter  part  of  April.  For  some  reason  they  appear  to  prefer 
the  plants  that  have  been  enumerated,  and  wild  mustard  and  other 
crucifers,  for  the  first  deposition  of  their  eggs.  On  these  crops  and 
on  weeds  the  insects  can  be  killed  with  kerosene  or  by  the  hand  torch 
or  may  be  collected  in  nets,  or  they  may  be  destroyed  by  burning  the 
entire  trap  crop  when  this  is  of  no  special  value.  Numerous  reports 
have  been  received  at  the  Department  of  Agriculture,  and  others  have 
been  recorded,  of  the  value  of  trap  crops  as  a  means  of  controlling 
this  pest.    Some  of  these  are  worth  repeating. 

The  first  test  of  the  trap-crop  remedy  was  made  by  Lincecum 
(1.  c.)  in  Texas,  in  18G6.  Noticing  that  the  bugs  were  numerous  on 
mustard  and  radish  in  April,  he  handpicked  them  and  thus  protected 
his  cabbage  crop.  The  practical  utility  of  this  method,  however,  does 
not  appear  to  have  been  recognized  until  considerably  later.  In 
1891,  Mr.  H.  E.  Weed,  when  entomologist  of  the  Mississippi  Agri- 
cultural Experiment  Station,  sowed  a  row  of  mustard  through  the 
center  of  a  1-acre  field  of  cabbage.  In  April  this  mustard  attracted 
the  bugs  in  large  numbers  and  on  it  they  were  killed  with  undiluted 
kerosene,  with  the  result  that  throughout  that  season  the  field  re- 
mained free  from  the  pest,  whereas  the  previous  year  the  crop  was 
almost  entirely  destroyed.® 

Hand  methods. — If  determined  efforts  are  made  to  stamp  out  the 
first  generation  fewer  insects  will  remain  to  be  dealt  with  and  very 

<»A  correspondent,  Mr.  J.  H.  Hevey,  Ingomar,  Miss.,  tested  the  trap-crop 
remedy,  and  wrote  that  when  the  bugs  made  their  appearance  on  a  bed  of  mus- 
tard he  destroyed  them  by  *'  bugging,"  i.  e.,  by  shaking  them  into  pans  of  water 
on  which  a  thin  film  of  Icerosene  was  floating.  When  the  mustard  was  removed 
to  malie  room  for  another  crop  a  few  cabbage  plants  became  infested,  but  the 
bugs  were  Itilled  as  above,  and  finally,  after  the  middle  of  July,  none  was  left. 

One  of  the  largest  growers  of  cabbage  in  Delaware  reported  (Sanderson, 
Bui.  20,  n.  s..  Bur.  Ent.,  V.  S.  Dept.  Agric,  p.  67,  1900)  that  at  one  time  it  was 
lm[>osslble  to  raise  cabbage  on  account  of  this  i)est,  but  for  several  years  he 
had  used  Icale  as  a  trap  crop,  and  as  a  result  of  this  procedure  and  careful 
handpicking  of  the  few  bugs  that  strayed  to  the  cabbage,  he  had  been  troubled 
very  little,  while  his  neighbors'  cabbage  had  frequently  been  ruined. 

In  April  of  one  year  in  Maryland  half  an  acre  of  kale  became  freely  infested 
on  one  side  by  harlequin  bugs.  The  insects  had  all  congregated  on  this  side. 
Under  the  writer's  direction  this  i)ortion  was  burned,  straw  being  used  to 
facilitate  ignition.  Two  weeks  later  not  a  single  bug  could  be  found  in  a  walk 
about  this  patch,  and  the  cabbage  which  was  growing  in  several  plats  in  the 
vicinity  was  free  from  injury. 
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few  will  fly  from  other  quarters  for  the  continuation  of  the  species. 
Thus  injury  may  be  greatly  curtailed  if  not  absolutely  prevented  for 
an  entire  season.  The  large  size  and  bright  colors  of  the  insect  render 
it  easy  of  detection  and  its  sluggish  nature  assists  in  its  easy  capture. 
Mr.  H.  Walter  McWilliams,  Griffin,  Ga.,  reports  that  by  offering 
a  bounty  to  school  children  for  the  destruction  of  this  pest  he  suc- 
ceeded, in  March  and  April,  1902,  in  destroying  the  first  generation  in 
that  vicinity,  and  estimated  that  this  experiment  saved  him  $100  on 
his  cabbage  crop  alone,  not  counting  the  benefit  to  the  children. 

As  instance  of  the  ease  with  which  this  insect  may  be  hand-picked, 
a  grower  at  Denton,  Tex.,  gathered,  in  February  of  one  year,  47,000 
bugs.  In  case  hand-picking  has  not  been  thoroughly  done  and  some 
bugs  have  escaped  this  process  and  succeeded  in  depositing  their  eggs, 
the  masses,  which  may  be  easily  recognized  by  comparison  with  fig- 
ure 1,  6,  should  be  carefully  gathered  and  crushed. 

Kerosene  emulsion^  according  to  the  testimony  of  many  who  have 
experimented  with  it,  is  not  effective  against  the  adults  and  only  par- 
tially effective  when  sprayed  on  the  younger  nymphs.  Quite  recently 
Prof.  A.  F.  Conradi  ^  has  found  that  a  10-per-cent  kerosene  emulsion 
is  effective  in  killing  the  nymphs,  as  is  also  whale-oil  soap,  at  the  rate 
of  2  pounds  to  4  gallons  of  water.  If  the  insects  are  sprayed  just 
after  they  have  molted  these  insecticides  almost  invariably  kill  them. 
It  is  obvious  that  further  experimentation  is  desirable  along  this  line. 

Other  remedies. — A  few  words  should  be  said  of  other  remedies  and 
may  be  prefaced  with  the  remark  that  since  the  harlequin  cabbage 
bug  feeds  exclusively  by  suction  and  does  not  chew  its  food,  the  ar- 
senicals,  hellebore,  and  such  remedies  as  are  useful  against  cabbage 
worms  are  absolutely  valueless  against  the  present  species.  Pyre- 
thrum  is  not  effective  and  is,  moreover,  too  costly.  Hot  water  applied 
at  a  temperature  of  about  130°  F.  to  the  infested  cabbage  plants  should 
be  tested.  It  is  not  applicable,  however,  to  large  fields  on  account  of 
the  difficulty  of  maintaining  the  temperature  at  a  given  point,  but 
may  be  found  useful  in  kitchen  gardens. 

The  value  of  hand  torches  for  insecticidal  purposes  is  extremely 
limited.  The  plumbers'  torch  is  used  considerably  in  Texas  as  a 
means  of  killing  this  insect,  but  growers  are  apt  to  expect  too  much 
of  this  method,  and  to  apply  it  to  too  many  kinds  of  insects,  to  the 
ultimate  detriment  of  their  crops. 

It  is  possible  that  some  of  the  natural  enemies  of  this  species, 
especially  southern  egg  parasites,  might  be  utilized  in  its  control;  i.  e., 
by  shipping  parasitized  eggs  from  localities  where  they  are  abundant 
to  northern  regions  in  which  they  do  not  occur. 


«Bul.  89,  Texas  Agr.  Exp.  Sta.,  pp.  0-11,  1007. 
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SUMMARY. 

The  general  acccount  which  has  been  given  of  this  insect  in  preced- 
ing pages  has  been  brought  together  at  this  time  because  of  the  practi- 
cal certainty  that  in  the  natural  course  of  events  this  bug  will  before 
long  endeavor  to  reinvade  territory  north  of  its  present  range  (in 
1908),  and  may  again  become  a  pest  for  a  number  of  years,  until 
climatic  conditions  adverse  to  its  development  or  increase  check  its 
northward  spread. 

In  conclusion^  it  should  be  repeated  that  the  systematic  destruction 
of  the  insects  by  means  of  the  trap-crop  method  described,  together 
with  a  system  of  clean  cultural  practice  throughout  the  entire  season 
and  especially  in  the  late  fall,  will  leave  little  else  to  be  done  save  the 
gathering  by  hand  of  such  insects  as  escape  these  measures  or  which 
may  fly  from  infested  to  uninfested  fields. 

To  prevent  the  pest  from  advancinff  farther  northward  than  its 
present  limits,  careful  watch  should  he  kept  for  the  first  appearance 
of  the  insect,  and  remedies  should  he  prompt  and  thorough.  The  im- 
portance of  killing  off  the  first  or  hibernated  brood  of  bugs  and  their 
progeny  can  not  be  too  strongly  emphasized. 

Approved : 

James  Wilson, 

Secretary  of  Agriculture. 

Washington,  D.  C.,May  Jf,  1908. 
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Circular  No.  1 04.  Imued  JHOuaiy  26, 1909. 

United  States  Department  of  Agriculture, 

BUREAU  OF  ENTOMOLOGY. 

L.  O.  HOWARD.  Entomologist  and  Chief  of  Bureau. 


THE  COMMON  BED  SPIDER. 

{TetranjfchUH  himnctttatus  Harvey.)" 

By  F.  n.  Chittenden,  Sc.  I>., 
In  Charge  of  Truck  Crop  and  Special  Insect  hirnttiffatioux. 

INTRODrCTORY. 

One  of  the  most  troublesome  of  greenhouse  pests  is  a  minute,  red- 
dish, spiderlike  creature,  known  popularly  as  "red  spider."  It  does 
very  considerable  damage  in  flower  and  vegetable  gardens,  and  in 
greenhouses  attains  its  greatest  destructiveness.  It  is  particularly 
injurious  to  violets  and  roses,  and  attacks  a  great  variety  of  other 
plants^  including  shade  and  fruit  trees  and  some  field  crops.  Beans, 
cowpeas,  eggplant,  cucumber,  and  tomato,  especially  when  grown 
in  hothouses,  sustain  much  injury,  while  melons,  squash,  and  berries 
are  subject  to  destructive  attack. 

Red  spiders  are  not  true  insects,  in  fact  not  even  spiders,  but  are, , 
more  properly  speaking,  spinning  mites.     Since,  however,  they  are 
abnost  universally  known  as  "  red  spiders,"  this  term  is  retained. 

As  the  word  "  mite  "  indicates,  the.se  insects  are  extremely  minute, 
and  when  they  occur  in  ordinary  numbers  are  not  apt  to  be  noticed 
imless  the  leaves  are  carefully  scrutinized.  Attention,  however,  is 
certain  to  be  drawn  to  them  when  they  become  excessively  numerous, 
as  frequently  happens  in  neglected  greenhouses  or  out  of  doors  during 
droughts  in  summer. 

Red  spiders  spin  threads,  but  do  not,  like  true  spiders,  utilize  them 
for  climbing  or  for  descending  from  a  height.  The  threads  spun  are 
extremely  fine  artd  scarcely  perceptible  to  the  unaided  eye,  but  a  web 

«  Until  the  year  1900  the  common  red  spider,  most  often  occurring  in  jcreen- 

honses.  was  technically  desifcnated  as  Tetranyehus  tetarius  L.,  a  name  which 

has  been  rather  Indiscriminately  applied  to  all  species  of  red  spiders,  both  In 

America  and  abroad.  ^  j 
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of  threads  is  frequently  so  dense  as  to  form  a  tissue  plainly  visible  at 
a  little  distance.  Webs  are  constructed  upon  the  lower  side  of  leaves, 
and  attached  here  and  there  to  projecting  hairs,  veins,  or  the  edges  of 
the  leaves.  Within  the  webs  thus  formed  the  mites  feed  in  their 
different  stages,  and  the  eggs  are  laid  from  which  the  young  develop. 


DESCRIPTIVE. 

The  general  appearance  of  this  red  spider  as  seen  under  a  micro- 
scope is  well  shown  in  figure  1,  a.  At  h  a  greatly  enlarged  palpus  of 
the  same  species  is  illustrated,  and  c  shows  the  claws,  similarly 
enlarged. 

The  length  of  full-grown  individuals,  including  the  palpus,  is  about 
/j  inch  (0.4  to  0.6  ™™),  and  the  width  about  ^\js  inch  (0.25  to  0.30  °»"), 
the  thickness  being  0.17  to  0.20  ™™     The  form  is  broadly  oval,  the 

width  greatest  in  the  anterior  third  of 
the  body,  back  of  the  eyes,  where  the 
sides  are  somewhat  distended.  The 
general  color  of  the  adult  is  reddish, 
usually  more  or  less  tinged  with  yel- 
lowish or  orange,  and  most  specimens 
have  a  dark  spot  on  each  side,  due  to 
the  food  contents  of  the  body,  from 
which  the  scientific  name  himaculatus 
(two-spotted)  has  been  derived. 

Careful  study  of  different  individ- 
uals as  they  occur  on  garden  vegetables 
and  on  horticultural  and  other  plants 
growing  in  the  field  with  those  taken 
in  greenhouses  shows  no  appreciable 
differences.  According  to  Mr.  Nathan 
Banks,  specimens  taken  in  Florida  on 
Datura  and  at  Washington,  D.  C.  on 
violets  are  red,  while  those  from  Orono,  Maine,  and  those  from  the 
District  of  Columbia  on  squash  and  peach,  and  on  rose  from  Idaho, 
are  greenish  with  more  or  less  dark  markings. 

The  eggs  are  extremely  minute,  spherical,  of  variable  diameter, 
glassy,  and  are  scattered  and  loosely  attached  about  the  webs. 

The  young  are  somewhat  similar  in  appearance  to  the  adults,  but 
differ  in  having  only  three  pairs  of  legs,  while  the  adult  has  four 
pairs. 

DISTRIBUTION. 

This  red  spider  is  well  distributed  throughout  the  eastern  United 
States,  and  was  identified  as  occurring  as  far  west  as  Idaho  in  1900. 
In  1902  it  was  recognized  from  Brighton,  Wash. ;  in  1907  from  south- 
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Fig.  1. — The  common  red  spider 
(Tetranychu9  himaculatus)  :  o. 
Adult ;  h,  palpus ;  c,  claws,  a. 
Greatly  enlarged;  h,  c,  still  more 
enlarged.     (After  Banks.) 


era  California;  and  in  1908  at  Brownsville,  Tex.,  this  last  locality 
practically  assuring  its  occurrence  in  Mexico." 

NATURE  OF  INJURY. 

The  red  spider  occurs  in  greenhouses  throughout  the  year,  and 
appears  to  be  at  all  times  destructive  if  permitted  to  propagate. 
Few  plants  are,  in  fact,  free  from  its  attack,  and  it  is  found  in  most 
greenhouses.  When  only  a  few  mites  are  present  the  plants  seldom 
show  any  external  evidences  of  injury,  but  as  they  increase  in  number 
the  leaves  gradually  turn  paler  and  become  yellowish  and  stunted, 
and  soon  the  whole  plant  succumbs  unless  the  proper  remedies  are 
applied.  Cuttings  or  young  rooted  plants  are  particularly  subject 
to  serious  injury,  and  this  is  especially  true  in  the  spring.  At  this 
time  the  mites  multiply  rapidly,  and  unless  plants  are  carefully 
watched  they  are  apt  to  become  so  badly  infested  that  it  is  only  with 
extreme  difficulty  that  they  can  be  restored  to  their  normal  growing 
condition. 

The  mites  injure  plants  by  suction,  and  when  they  occur  in  num- 
bers, which  they  almost  assuredly  do  when  plants  are  neglected,  the 
vitality  of  the  plants  is  slowly  but  surely  reduced  by  the  loss  of 
the  juices,  and  in  time  all  of  the  plants'  functions  are  more  or  less 
deranged.  In  cases  of  severe  attack,  millions  of  red  spiders  can  be 
found  upon  the  foliage,  and  the  webs,  rarely  observable  at  ordinary 
times,  sometimes  stretch  from  plant  to  plant,  the  mites  passing  rap- 
idly over  them  and  congregating  in  swarms. 

FOOD  PLANTS. 

The  red  spider  is  nearly  omnivorous,  attacking  a  wide  range  of 
both  glabrous  and  hirsute  plants  belonging  to  many  families.  It  has 
been  observed  on  plants  of  the  following  list :  Among  greenhouse  and 
other  ornamental  plants,  roses,  violets,  carnations  or  pinks,  mignon- 
ette, clematis,  pelargonium,  abutilon,  fuschia,  passiflora,  manettia, 
bouvardia,  feverfew,  verbena,  heliotrope,  salvia  or  sage,  morning- 
glory,  moonflower,  cypress-vine,  phlox,  chrysanthemum,  calla,  Easter 
lily,  Boston  smilax,  mimulus,  slipper  flower  (Calceolaria),  canary 
bird  {Tropaolium  peregrinum)^  thunbergia,  wedding  bells  {Brug- 
man^a  arborea),  castor-oil  plant,  Asparagoides  phtmom,  cuphea, 
godelia,  sunflower,  and  aster.  Of  the  plants  listed,  violets  and  roses 
are  very  susceptible  to  damage  by  the  red  spider,  more  especially 
when  the  plants  are  growing  under  glass. 

« If.  as  aeems  probable*  Trtranychu^t  cucumcris  or  some  other  species  described 
by  Boisduval  (Entom.  Horticole)  is  identical  with  T,  himaculatus,  it  is  quite 
likely  that  this  red  spider  is  of  foreign  origin  and  introduced  into  the  United 
States,  which  is  true  of  a  very  large  proportion  of  greenhouse  and  othgr  indoor 
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Among  truck  and  vegetable  crops,  leguminous  plants  are  greatly 
injured,  more  especially  beans,  including  Lima  beans.  Cucumbers 
and  tomatoes  grown  in  hothouses,  cantaloupes  or  muskmelons,  water- 
melons, and  squash  are  also  badly  damaged.  Eggplant,  pepper, 
pepino  (Solatium  mnricatum)  ^  corn,  cowpeas,  raspberry,  strawberry, 
beets,  and  celery  are  also  subject  to  attack,  but  are  not  as  a  general 
rule  very  seriously  injured. 

Of  field  crops  infested  other  than  those  which  have  been  mentioned 
are  hops,  hemp,  peanut,  and  the  groundnut  or  wild  bean  (Apios 
apios). 

Trees  grown  for  shade  and  for  fruit  are  subject  to  attack  and  con- 
siderable injury  is  effected  at  times.  The  list  of  trees  that  have  come 
under  observation  as  subject  to  the  greatest  injury  includes  the  Ken- 
tucky coffee  tree  {GymnoHadus  canadensis)^  the  hop  tree  {Ptelea 
tHfoliata)^  pecan,  ornamental  sassafras,  arborvitee,  maple,  horse- 
chestnut,  and  birch. 

INJURY  TO  TRUCK  CROPS. 

Every  year  this  species  is  noted  in  considerable  numbers  on  the 
underside  of  leaves  of  bean  in  and  about  the  District  of  Columbia, 
frequently  causing  great  blotches  and  the  w  ithering  of  a  large  portion 
of  the  leaf.  When  the  mites  occur  in  such  abundance  it  necessarily 
causes  a  drain  on  the  vitality  of  the  plant  and  a  decrease  in  the  pro- 
ductiveness of  seed-pods  if  not  of  the  seeds  themselves.  Still,  as  a 
rule,  such  injury  is  rarely  noticed  until  comparatively  late  in  the  sea- 
son, in  September  and  October. 

Similar  injury  has  been  reported  in  Georgia  and  South  Carolina  to 
all  forms  of  beans — ^snap,  butter,  and  Lima — as  well  as  to  cowpeas. 
In  the  same  States  injury  has  been  reported  to  a  variety  of  other 
truck  crops.  Writing  in  June,  one  of  our  correspondents  stated  that 
his  cucumbers  looked  as  if  a  blight  were  on  them;  another  wrote: 
"  A  fine  garden  three  weeks  ago  now  looks  as  if  a  fire  had  struck  it.'* 

INJTTRY   TO   TREES. 

Injury  by  the  red  spider  to  shade  and  fruit  trees  is  insignificant, 
as  a  rule,  compared  with  that  which  is  accomplished  by  leaf -feeders 
such  as  caterpillars.  Sometimes,  however,  very  considerable  defolia- 
tion is  caused  by  the  attack  of  this  species.  This  was  very  noticeable 
during  the  summer  of  1906,  when  the  foliage  of  various  shade  trees 
in  the  city  of  Washington  was  injured.  Attack  was  first  observed 
during  the  third  week  in  July  and  was  manifested  by  the  leaves  hav- 
ing turned  yellow  on  the  upper  surface.  The  leaves  on  the  lower 
branches  showed  the  presence  of  numerous  feeding  colonies.  The 
Kentucky  coffee  tree  suffered  most  of  all  of  our  city  trees.  On  one 
of  these  trees  the  leaves  continued  to  drop  throughout  the  remainder 
of  July  and  August,  but  by  September,  partly  owing  to  an  unpre- 
cedented rainfall  of  three  weeks'  duration,  the  mites  were  less  in  evi- 
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dence  and  many  branches  from  which  the  leaves  had  fallen  developed 
new  clusters  of  fresh  leaves. 

Two  years  later  it  was  noticed  that  many  of  the  lower  branches 
which  had  suffered  most  from  defoliation  by  the  red  spider  were  dead, 


FiQ.  2. — Kentucky   coffee  treo,  showing?  partial  defoliation   by  the   red   spider  on  lower 
branches;  upper  brunches  have  put  out  new  leaves.      (Original.) 

without  doubt  owing  to  the  attack  of  this  insect.     The  accompanying 
illustration  (fig.  2)  was  taken  after  the  new  leaves  had  become  well 
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developed.     Two  or  three  weeks  before  that  time  the  lower  half  of 
the  tree  bore  only  a  few  leaves. 

This  same  form  of  injury  was  repeated  in  1908,  the  tree  looking 
considerably  worse  than  shown  in  figure  2. 


NATURAL   ENEMIES. 


The  predaceous  and  parasitic  insect  enemies  of  the  red  spider,  men- 
tioned below,  were  observed  by  the  writer  on  the  Kentucky  coffee 
tree  at  Washington,  D.  C.,  during  July  and  early  August,  1906. 

Scymnns  punctiim  Lee,  a  very  small  black  ladybird,  was  observed 
July  21,  chiefly  as  a  nearly  full-grown  larva,  and  was  the  most  active 
natural  enemy.  At  that  time  it  was  for  the  most  part  attached  to  the 
leaves  for  pupation,  and  a  single  pupa  was  found  then  and  many  a 
few  days  later.  Nearly  all  the  larvae  had  transformed  and  the  beetles 
had  begun  to  issue  by  the  1st  of  September.  An  illustrated  account 
of  this  species  was  given  by  J.  C.  Duffey  in  1891.* 

Cecidomyia  coccidarum  Ckll.  ( ?). — ^The  larva  of  this  small  cecido- 
myiid  fly  was  reared  at  Washington,  where  it  was  fairly  abundant. 
It  was  secondary  in  importance  only  to  the  ladybird  mentioned,  as  a 
destroyer  of  its  red-spider  host. 

With  the  latter  was  reared  a  minute  chalcis  fly,  Aphanogmus  va- 
ripes  Ashm.,  a  species  recorded  as  parasitic  on  cecidomyiids. 

Chrysopa  ruflabris  Burm.,  a  lacewing  fly,  was  also  reared  and  the 
larva  was  observed  in  numbers  attacking  the  red  spider. 

Thrips  sexmaculata  Perg.  has  been  recorded  as  an  enemy  of  the 
red  spider  by  Pergande  ^  and  by  Duffey. 


METHODS   OF   CX>NTROL. 
DIRECT   REMEDIES. 


Red  spiders  are  more  resistant  to  fumigation,  either  with  tobacco 
or  hydrocyanic-acid  gas,  than  are  aphides,  thrips,  and  small  forms 
of  insects  generally.  Only  a  portion  of  these  creatures  are  usually 
killed  by  the  ordinary  use  of  the  gas  in  greenhouses — never  more  than 
80  per  cent,  so  far  as  our  records  go.  The  remainder  may  be  stupefied 
for  a  time,  but  eventually  recover.  They  are,  however,  extremely 
sensitive  to  sulphur,  applied  either  dry  or  as  a  wash,  or  in  connection 
with  other  poisons.     Soap  is  also  a  good  remedy. 

Snlphur. — Flowers  of  sulphur,  mixed  with  water  at  the  rate  of  an 
ounce  to  a  gallon,  and  sprayed  over  infested  plants,  is  of  great  value 
in  the  eradication  of  this  pest;  or  the  sulphur  may  be  combined  with 
strong  soapsuds.  For  the  application  of  this  spray  a  force  pump 
with  spraying  nozzle  is  a  necessity  and  the  current  ahovM  always  he 
directed  to  the  lower  surface  of  the  leaves. 

Soap  solutions. — ^Potash,  fish-oil,  whale-oil,  and  other  soap  solutions 
are  valuable  against  the  red  spider,  and  the  addition  of  sulphur  in- 

«  Trans.  St.  Tx)iiis  Acad.  ScL,  ^'ol.  V,  pp.  r>40-542.        ^  Psyche,  \ol.  W^p.  381. 1882. 
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<rreases  their  effectiveness;  but  these  washes  will  injure  some  delicate 
plants.  Moreover,  they  have  no  more  value  as  insecticides  than 
neutral  soaps  of  the  castile  and  Ivory  type,  or  such  as  are  used  by 
physicians  and  surgeons. 

For  the  red  spider,  as  it  occurs  in  greenhouses,  particularly  on  plants, 
such  as  violets,  that  are  liable  to  injury  from  sulphur,  no  other  rem- 
edy is  employed  by  florists  generally  than  frequent  syringing  or  spray- 
ing with  water  or  with  a  soap  solution.  Neutral  soaps  are  valuable, 
particularly  upon  cuttings  affected  with  the  red  spider,  and  the  best 
results  have  been  obtained  in  the  proportion  of  a  5-cent  cake  to  6  or  7 
gallons  of  water.  The  soap  is  shaved  with  a  small  plane,  dissolved 
in  about  a  gallon  of  hot  water,  and  then  sufficient  cold  water  is  added 
to  make  the  quantity  desired.  Five  gallons  are  sufficient  for  the  treat- 
ment of  three  or  four  thousand  cuttings  of  violets.  It  is  customary 
to  allow  the  soap  to  remain  on  the  plants  two  or  three  hours  and  then 
to  syringe  thoroughly  with  clear  water,  repeating  this  treatment 
two  or  three  times,  until  the  "  spiders  "  and  their  eggs  have  been 
destroyed.  Used  thus,  the  soap  has  little  if  any  deleterious  effect 
upon  most  plants. 

Kerosene-soap  emulsion, — ^An  emulsion  may  be  prepared  by  com- 
bining 2  gallons  of  kerosene  and  one-half  pound 
of  whale-oil  soap  (or  1  quart  of  soft  soap)  with  1 
gallon  of  water.  The  soap  is  dissolved  in  boiling 
water  and  then  poured  while  still  boiling  hot 
(away  from  the  fire)  into  the  kerosene.  The  mix- 
tiu^  is  churned  rapidly  for  five  or  ten  minutes, 
pumping  the  liquid  back  upon  itself  by  means  of 
a  force  pump  and  direct-discharge  nozzle  throw-  fio.  3.— Eibow  attach- 
ing a  strong  stream.  At  the  end  of  this  time  the  ™^"*  '<**"  ""dor 
mixture  will  have  the  consistency  of  thick  cream.  ^^^^  "^' 
Properly  prepared,  an  emulsion  will  keep  almost  indefinitely,  and 
should  be  diluted  as  needed  for  use.  For  the  red  spider  the  staple 
emulsion  should  be  diluted  with  about  10  parts  of  water.  In  thi» 
preparation  of  kerosene  emulsion  a  force  pump  is  required,  since  if 
not  made  according  to  directions  a  perfect  emulsion  is  not  formed  and 
there  is  then  danger  of  injury  to  the  plants  or  useless  waste.  There  is 
danger  and  waste,  too,  if  the  insecticide  is  not  applied  by  means  of  a 
fine  nozzle  in  the  form  of  a  spray ^  which  should  be  fine  and  mist-like. 
It  should  be  sprayed  only  for  a  sufficient  time  to  cover  the  plants; 
otherwise  the  liquid  forms  into  globules  and  runs  off.  An  elbow 
attachment  for  underspraying  is  shown  in  figure  3. 

Lye-sulphtir, — The  lye-sulphur  remedy  was  given  a  thorough  test 
against  the  red  spider  in  its  occurrence  on  beans  in  Florida,  having 
been  applied  May  28,  1908,  with  the  result  that  98  per  cent  of  the  red 
spiders  were  killed  without  in  the  least  affecting  the  plants^reated. 
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This  shows  better  results  than  with  any  of  the  four  insecticides 
which  were  tested  in  that  locality  by  Mr.  H.  M.  Russell,"  3  per  cent 
more  of  the  mites  being  destroyed  than  by  the  use  of  kerosene  emul- 
sion, which  slightly  injured  the  plants;  7  per  cent  more  than  with  the 
use  of  sulphur  water,  and  it  proved  to  be  much  better  than  lime- 
sulphur,  which  was  hardly  a  success  as  compared  with  the  others. 
Lye-sulphur  is  prepared  as  follows : 

Mix  20  pounds  of  flowers  of  sulphur  into  a  paste  with  cold  water;  then  add 
10  pounds  of  pulverized  caustic  soda  (98  per  cent).  The  dissolving  lye  will 
boll  and  liquefy  the  sulphur.  Water  must  be  added  from  time  to  time  to  pre- 
vent burning,  until  a  concentrated  solution  of  20  gallons  Is  obtained.  Two  gal- 
lons of  this  is  sufliclent  for  50  gallons  of  spray,  giving  a  strength  of  2  t)ounds  of 
sulphur  and  1  of  lye  to  50  gallons  of  water.  An  even  stronger  application  can 
be  made  without  danger  to  the  foliage.  This  mixture  can  also  be  used  In  com- 
bination with  other  insecticides  (Marlatt,  Farmersl  Bulletin  172). 

Tobacco  water, — Tobacco  water  is  of  some  use  for  destroying  the 
red  spider,  but  can  not  be  recommended  for  violets,  owing  to  its 
tendency  to  weaken  the  foliage  and  induce  "  spot." 

Water, — Spraying  with  water  is  usually  practiced  two  or  three 
times  a  week  during  the  growing  season,  and  by  a  little  practice  and 
experiment  with  a  fine-spray  nozzle  or  tip  the  operator  is  soon  able 
to  ascertain  the  proper  degree  of  force  to  use.  A  pressure  of  about  25 
pounds  has  proved  most  effective  against  this  red  spider.  Care 
should  be  exercised  to  wash  off  the  "  spiders  "  and  at  the  same  time 
to  avoid  drenching  the  beds.  When  it  is  necess(iry  to  spray  during 
winter,  work  should  be  done  on  a  bright  day,  in  order  that  the  plants 
may  dry  off  in  a  few  hours.  Water  is  also  of  use  on  shade  trees  and 
shrubs  in  parks. 

NOZZLE   AND    TIP    FOR    GREENHOUSE    USE. 

Since  the  general  adoption  of  spraying  as  a  remedy  for  the  red 
spider,  the  problem  of  how  to  apply  a  water  or  other  spray  so  as  not 
to  drench  the  beds  has  been  an  important  one.  To  accomplish  this 
object.  Dr.  B.  T.  Galloway,  Chief  of  the  Bureau  of  Plant  Industry, 
has  devised  a  small  spraying  tip  which  answers  the  purpose  ad- 
mirably, being  particularly  serviceable  where  plants  are  syringed  or 
sprayed  on  a  large  scale.  The  following  description  of  the  nozzle  is 
taken  from  Circular  17  of  the  Division  of  Vegetable  Physiology  and 
Pathology : 

The  spray  tip  proper  is  attached  to  a  brass  fitting,  which  in  turn  screws  onto 
the  end  of  a  three-quarter-Inch  hose.  The  apparatus  is  very  efifective  for  spray- 
ing roses,  as  it  readily  serves  to  keep  the  leaves  in  a  thoroughly  healthy  condi- 


^  For  particulars  see  article  by  H.  M,  Russell  in  Journal  of  Economic  En- 
tomology, Vol.  I,  pp.  377-380,  1908. 
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tion,  and  at  the  same  time  wets  the  beds  but  little.  It  Is  also  very  useful  for 
violets,  as  with  a  pressure  of  35  to  40  pounds  the  leaves  of  the  plant  can  be 
readily  turned  over  and  thoroughly  washed  without  soaking  the  crowns  and  the 
bed.  In  spraying  some  plants,  particularly  violets,  it  has  been  found  advan- 
tageous to  use  a  lance  18  inches  long,  made  of  a  piece  of  one-half-inch  brass 
pipe.  This  increases  the  reach,  and  enables  the  operator  to  place  the  water  to 
better  advantage  on  plants  which  under  ordinary  conditions  would  be  beyond 
arm's  length.  The  apparatus  can  be  made  for  50  cents,  and  will  be  found  a 
useful  instrument  wherever  there  is  sufficient  water  pressure  to  insure  a  proper 
amount  of  force. 

The  illustration  here  presented  (fig.  4)  shows  the  general  appear- 
ance of  this  tip  and  nozzle.  The  nozzle  consists  of  a  casting  turned  to 
the  desired  length  and  flattened  at  the  end  as  figured.  Through  this 
flattened  end  a  narrow  slit  is  made,  which  should  be  absolutely  true 
throughout,  so  that  the.  water  as  it  issues  will  be  broken  up  into 
streams.  It  is  even  sometimes  necessary  to  file  the  tips  as  they  come 
from  the  factory,  to  secure  the  desired  result. 

TREATMENT    OF    TREES    AND     SHRUBS. 

The  methods  of  control  which  have  been 
advised  above  are  especially  adapted  to  the 
treatment  of  greenhouses  infested  by  the 
spider.  All  of  the  insecticides  which  have 
been  recommended  for  indoor  use  are  also 
applicable  to  trees  and  shrubs,  the  list  in- 
cluding sulphur,  which  may  be  applied  in 
the  form  of  a  powder  by  means  of  a  pow- 
der bellows,  or  mixed  with  water  as 
previously  prescribed,  or  combined  with 
lye  or  lime.  Soap  solutions,  kerosene 
emulsion,  and  cold  water  may  be  used  with 
profit.  Resin  wash  and  lime-sulphur  are 
also  used  as  for  the  orange  mites  or  red  spiders.  Of  these  the  lye- 
sulphur  mixture  is  probably  the  best,  as  it  is  successfully  used  against 
these  pests  in  California. 

The  sulphur  treatment  has  an  advantage,  in  that  it  adheres  more 
closely  to  the  leaves  than  other  preparations  which  have  been  men- 
tioned and  kills  young  mites  coming  in  contact  with  it  as  soon  as 
they  are  hatched.  Sulphur  preparations  are  also  of  value  in  eradi- 
cating scale-insects  which  might  be  present  at  the  same  time;  in  fact, 
when  the  sulphur  is  being  applied  for  scale-insects,  red  spiders  or 
mites  are  likewise  killed. 

TREATMENT  OF  TRUCK   AND  GARDEN  PLANTS. 

In  the  treatment  of  truck  crops  infested  by  the  red  spider,  little 
variation  from  the  methods  already  advised  for  greenhouse  work 
need  be  practiced.    The  same  applies  to  ornamental  flowering  plwfA 
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in  gardens.  Considering  the  great  susceptibility  to  damage  from  red 
spider  of  beans,  cowpeas,  and  other  leguminous  crops,  and  orna- 
mental plants,  it  is  advisable,  where  this  mite  is  very  destructive,  as 
in  the  District  of  Columbia  and  southward,  to  practice  rotation  with 
plants  not  so  subject  to  injury.  The  lye-sulphur  remedy  has  pro- 
duced the  best  results,  as  just  described.  Some  of  the  remedial  meas- 
ures advised  for  the  cotton  red  spider  {Tetranychus  gloiwri  Bks.), 
a  related  species  occurring  in  the  Gulf  region,  may  be  followed;  in- 
deed, the  same  measures  are  applicable  to  aphides  and  other  pests 
which  may  be  present  on  the  plants  at  the  same  time. 

Among  cultural  methods  of  control  may  be  mentioned  clean  garden- 
ing or  farming  with  early  fall  plowing,  keeping  down  the  weeds  of  the 
vicinity  throughout  the  year,  and  destroying  crop  remnants  as  early 
as  possible  by  burning  or  otherwise.  Weeds  growing  on  the  edges  of 
fields,  in  fence  corners,  and  like  locations  should  be  destroyed  ekrly  in 
the  fall  in  order  that  no  winter  shelter  may  be  left  for  the  pests. 
Early  fall  plowing  destroys  the  insects  before  they  have  an  opportu- 
nity to  leave  the  old  crop  plants  for  weeds  and  others. 

During  May,  1908,  Mr.  H.  M.  Russell,  working  under  the  writer's 
direction  at  Orlando,  Fla.,  conducted  some  experiments  with  reme- 
dies against  the  red  spider  in  its  occurrence  on  wax  beans.    The 
results  obtained,  in  brief,  are  as  follows: 
Kerosene-son  1)   emulsion,   1   pnrt   stock   solution   to  30  ])art8 

water,  killed 95i>ereenr, 

Lye-sulphur,  1  ijound  sulphur,  i  i)ound  lye,  to  40  gallons  water, 

killed 98  per  cent. 

Sulphur  water,  1  ounce  to  1  gallon  water,  killed 91  percent. 

I-iime-sulphur,  1  pound  lime,  1   iK)und  sulphur,  to  25  gallons 
water,  killed 08  to  85  \yer  cent. 

The  results  show  that  the  red  spider  succumbs  to  any  one  of  these 
four  insecticides,  the  probabilities  being  that  kerosene-soap  emul- 
sion, properly  prepared  and  applied,  is  as  satisfactory  a  remedy  as 
any  other  applications  that  could  be  employed. 

SUMMARr. 

The  remedies  advised  may  be  summarized  as  follows: 

{"or  the  greenhouse  and  for  general  use,  sulphur  and  neutral,  whale- 
oil,  and  other  soap  solutions,  kerosene-soap  emulsion,  and  spraying 
with  water. 

For  the  treatment  of  trees  and  shrubs,  the  same  as  the  above,  with 
the  addition  of  resin  wash  and  the  lime-sulphur  and  lye-sulphur 
mixtures. 

For  truck  and  garden  plants,  lye-sulphur  wash  and  the  same 
remedies  as  for  the  greenhouse,  with  the  addition  of  clean  gardening 
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or  farming,  early  fall  plowing,  keeping  down  weeds,  and  crop  rota- 
tion where  practicable. 

Finally,  it  should  be  stated  that  unless  remedial  measures  be 
adopted  and  thoroughly  and  repeatedly  applied  as  often  as  neces- 
sity demands,  the  red  spider  is  almost  certain  to  do  permanent  harm 
to  delicate  plants,  since  as  soon  as  the  plants  become  badly  infested 
they  seldom,  if  ever,  fully  recover. 

Approved : 

James  Wilson, 

Secretmnj  of  Agriculture. 
Washington,  D.  C,  Nocemher  30^  1908. 
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Circular  No.  105.  issued  October  5,  1908. 

United  States  Department  of  Agriculture, 

BUREAU  OF  ENTOMOLOGY. 

L.  O.  HOWARD,  Entomologist  and  Chief  of  Bureau. 


THE  ROSE  SLUGS. 

By  F.  H.  Chitfenden, 
In  Charge  of  Truck  Crop  and  Special  Insect  Investigations, 

Roses  grown  in  gardens  in  the  United  States  are  attacked  by  three 
species  of  sawflies  which  live,  in  their  larval  stages,  on  the  foliage, 
skeletonizing  the  leaves  or  cutting  out  holes  of  variable  size  and 
greatly  disfiguring  the  plants.  The  larva*,  popularly  known  as  "  rose 
slugs,"  "  slugworms,"  and  "  roseworms,"  have  been  classified  as  the 
American  rose  slug,  the  bristly  roseworm,  and  the  coiled  or  curled 
roseworm,  respectively.  For  the  sake  of  uniformity  they  may  all  be 
called  rose  slugs.  The  first  of  these,  as  its  common  name  indicates, 
is  native  to  America;  the  other  two  are  evidently  accidental  intro- 
ductions from  Europe,  as  they  are  now  common  to  both  hemispheres. 
As  with  most  <5ther  sawflies,^  they  are  found  more  abundantly  in  the 
North,  but  are  quite  troublesome  as  far  southward  as  Maryland  and 
Kansas.  They  practically  confine  their  depredations  to  the  flower 
garden,  and  roses  are  the  only  plants  that  are  seriously  damaged  by 
them.  Injury  is  due  entirely  to  the  larva\  and  the  three  species,  each 
representing  a  distinct  genus,  differ  considerably  in  appearance  in  all 
stages,  as  also  in  their  life  history  and  manner  of  work. 

THS  AMERICAN  BOSE  SLTXa. 

(Endelomyia  rosw  IlaiT.)'' 

The  American  rose  slug  was  first  identified  as  a  pest  about  the  year 
1831,  when  it  did  damage  in  gardens  at  Cambridge,  Mass.  At  that 
time  the  species  was  somewhat  restricted  to  that  locality,  but  later, 
according  to  Harris,  who  observed  and  studied  its  habits,"  it  grad- 
ually spread  in  that  vicinity  and  by  1840  it  had  become  so  great  a 
nuisance  that  a  premium  of  $100  was  offered  for  the  most  successful 
method  of  destroying  it. 

•  Hymenopterous  insects  of  the  family  Tenthredlnidse. 
^  Sjiionynis :  Monostegia  rosw  and  Selandria  rosw, 

<^Iieport  Ins.  of  Mass.  Inj.  to  Veget.,  1841,  pp.  380-582;  Flint  ed.,  pp.  525-.52S. 
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DESCRIPTIVE. 

The  sawfly  which  produces  the  American  rose  slug  is  a  four-winged 
bee-like  insect  (fig.  1,  a)  of  a  deep  shining  black  color,  with  trans- 
lucent smoky  wings  having  dark-brown  veins  and  a  brown  spot  near 
the  middle  of  the  edge  of  the  forewings.  The  wing  expanse  of  the 
female  is  about  two-fifths  of  an  inch  and  the  length  of  the  body  is 
fully  one-fifth  of  an  inch.    The  male  is  a  little  smaller. 

The  larva  or  slug  (?>,  figs.  1,  2)  when  full  grown  is  about  one-third 
of  an  inch  long  and  sluglike,  with  the  thoracic  joints  enlarged.    The 


Fig.  1. — American  rose  slug  {Endelomyia  roaw)  :  a.  Adult  sawfly;  h,  mature  larva;  c, 
work  of  larvte  on  rose  leaf ;  d,  section  of  rose  leaf,  showing  location  of  egg  near  upper 
margin;  e,  egg  in  situ  on  bit  of  rose  leaf,  a,  b,  e,  Much  enlarged;  c,  less  enlarged;  d, 
about  natural  size.      (Original.) 

body  is  soft  and  delicate,  but  not  gelatinous  and  slimy,  as  is  the  case 
with  some  sawfly  larvae — for  example,  the  pear  slug.  The  color  is 
green  above  and  yellowish  on  the  lower  surface.  The  head  (fig.  2,  c) 
is  small,  oval,  and  yellowish,  and  has  a  black  spot  on  each  side, 
inclosing  the  eye. 

DISTRIBUTION. 


The  assertion  has  been  made  by  Riley  ^  that  this  sawfly  undoubtedly 
originated  in  New  England,  where  it  fed  upon  wild  rose.  With  the 
lapse  of  years,  if  we  assume  this  statement  to  be  correct,  it  has  been 
disseminated  by  commerce  into  neighboring  States  and  through 'the 


«  American  Entomologist,  Vol.  Ill,  1880,  p.  115. 
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importation  of  rog^  bushes  rrom  eastern  nurseries  to  western  gardens. 
Owing  to  the  sluggish  habits  of  the  female,  its  distribution  by  flight 
has  undoubtedly  been  very  slow.  Its  occurrence  in  New  York,  New 
Jersey,  Ohio,  Illinois,  Michigan,  and  Missouri  has  been  known  for  a 
number  of  years,  and  it  undoubtedly  occupies  intervening  States. 

In  1904  we  received  reports  of  injuries  by  it  in  Pennsylvania,  New 
York,  Maryland,  and  Kansas;  in  that  year  it  also  appeared  at  Char- 
lottesville, Va.,  and  the  following  May  reached  the  District  of  Colum- 
bia, where  it  has  been  quite  abundant  since.  In  1908  it  was  reported 
injurious  at  Cincinnati  Ohio. 


Fig.  2. — American  row  slug  {Endelomyia  rosw)  :  a,  Larvae,  natural  size,  upper  larva  at 
work  on  upper  surface  of  leaf,  lower  larva  at  rest  on  under  surface ;  b,  larva,  dorsal 
view,  enlarged;  c.  head  of  larva,  more  enlarged.     (Original.) 


LIFE  HISTORY. 

The  parent  sawflies  issue  from  the  earth  at  varying  times  from 
about  the  1st  of  April,  or  earlier  in  the  District  of  Columbia,  to  the 
third  week  in  May,  or,  according  to  Harris,  until  the  middle  of  June 
in  Massachusetts,  beginning  at  about  the  time  when  the  roses  first 
unfold  their  leaves  and  continuing  until  they  are  in  full  leaf.  During 
this  period  pairing  takes  place  and  eggs  are  deposited.  The  females 
are  particularly  sluggish  in  the  cool  of  morning  and  are  not  often  seen 
in  flight,  resting  during  the  greater  part  of  the  day  on  the  leaves. 
When  disturbed  they  draw  up  their  legs  and  fall  to  the  ground.  The 
males,  however,  are  quite  lively,  flying  from  one  rose  bush  to  another 
and  hovering  around  their  less  active  partners. 

ICIr.  1051 

Digitized  by  VjOOQIC 


The  female  in  depositing  her  eggs  turns  a  Ijttle  to  one  side, 
unsheaths  her  delicate  saw-like  ovipositor,  and  thrusts  it  betwei^i 
the  two  cuticles  of  a  leaf,  depositing  a  single  egg  in  each  incision.  An 
egg  is  shown  about  natural  size  at  d^  figure  1,  and  much  enlarged  at  e. 
The  egg  is  of  circular  outline,  much  flattened,  and  measures  about 
one-twentieth  of  an  inch  in  diameter.  Hatching  begins  in  from 
ten  days  to  two  weeks  after  the  eggs  are  deposited. 

The  larvae  or  slugs  are  to  be  found  at  work  as  early  as  the  1st  of 
May  in  the  District  of  Columbia,  but  their  appearance  in  numbers  is 
seldom  noticed  until  the  second  or  third  week  of  that  month.  Obser- 
vations conducted  at  Washington,  D.  C,  show  that  the  periods  men- 
tioned are  subject  to  considerable  variation.  In  1905  the  first 
sawflies  of  the  new  generation  appeared  June  2.  Owing  to  the 
irregularity  of  appearance  of  the  parent  "  flies,"  larvae  of  the  first 
generation  may  be  found  at  work  for  a  period  of  five  or  six  weeks. 
Feeding  takes  place  chiefly  at  night,  and  always  on  the  upper  surface 
of  the  leaves,  the  lower  surface,  ribs,  and  midribs  remaining  as  a 
skeleton  (fig.  1,  c).  The  leaves  are  practically  always  skeletonized, 
not  eaten  into  as  in  the  case  of  the  other  two  rose  slugs,  except  when 
the  larva?  are  nearly  grown.  During  the  daytime  the  larva  usually 
rests  concealed  on  the  under  surface  of  a  leaf  (fig.  2,  a). 

Sometimes  the  larvae  are  so  abundant  that  not  a  leaf  on  a  bush  is 
spared,  and  the  foliage  looks  as  though  it  had  been  scorched  by  fire, 
and  eventually  drops  off.  The  larvae  are  stated  to  be  between  two 
and  three  weeks  in  attaining  their  growth.  They  cast  their  skins 
several  times,  leaving  them  fastened  to  the  leaves.  After  the  last 
molting  they  lose  their  greenish  hue  and  become  opaque  yellowish. 
They  then  descend  into  the  earth  to  a  depth  of  an  inch  or  more,  and 
each  constructs  for  final  transformation  a  somewhat  fragile  oval  cell 
or  cocoon  coated  with  particles  of  earth.  Here  the  insect  remains  as 
larva  until  the  following  spring,  w^hen  it  transforms  to  pupa  shortly 
before  issuance  in  May. 

The  species  is  single-brooded,  in  which  respect  it  resembles  many 
other  species  of  sawflies.** 

REMEDIES. 

This  rose  slug  and  the  others  which  will  be  discussed  are  quite 
easily  controlled  by  several  different  methods. 

Spritikling  with  water, — A  strong  stream  of  water  directed  upon 
the  plants  from  different  sides  by  an  ordinary  garden  hose  or  large 

«  It  is  evident  from  Harris's  account  (1.  c.)  that  in  ascribing  two  generations 
to  this  rose  slug  he  must  also  have  had  the  bristly  rose  slug  under  observation. 
Miss  M.  E.  Murtfeldt  writes  on  this  head  that  she  has  disproved  Harris's  state- 
ment **  by  repeated  rearing  of  the  insect  under  close  observation."  (4l8t  Annual 
Kept.  State  Hort.  Soc.  Missouri,  1898,  p.  288.) 
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syringe,  if  applied  every  day  or  two,  will  soon  rid  rosebushes  of  the 
pest.  This  is  at  the  same  time  an  excellent  remedy  for  rose  aphides 
or  plant-lice.  The  insects  are  dislodged,  fall  to  the  ground,  and  are 
unable  to  return  to  reinfest  the  bushes.  This  remedy  was  tested 
practically  by  Dr.  L.  O.  Howard  many  years  ago. 

Paris  green, — Where  it  is  possible  to  apply  them  without  danger 
of  poisoning  human  beings  or  disfiguring  the  plants  for  ornament, 
different  poisonous  preparations  are  useful.  Of  these,  Paris  green, 
either  dry  or  in  solution,  arsenate  of  lead,  and  white  hellebore  are 
good  remedies.  Paris  green  is  best  used  as  a  spray  in  the  proportion 
of  an  ounce  to  a  gallon  of  water.  Applied  dry,  it  is  mixed  with  20 
parts  of  flour  or  similar  diluent  and  puffed  on  the  plants  by  means  of 
a  powder  bellows  or  insufllator.  For  use  in  large  gardens,  however,  the 
poison  is  employed  at  the  rate  of  1  pound  to  from  75  to  125  gallons 
of  water,  lime  being  added  in  about  the  same  proportion  as  Paris 
green  to  prevent  scorching.  For  properly  mixing  and  applying  this 
insecticide  a  sprayer  of  good  quality  should  be  used.  Sprinkling 
with  a  watering  pot  or  with  a  whisk  broom  will  not  answer  the  pur- 
pose and  is,  moreover,  dangerous  to  tender  foliage.  The  Paris  green 
is  first  mixed  with  a  small  quantity  of  water  into  a  fine  paste  before 
the  bulk  of  water  is  added  and  should  Be  churned  in  the  sprayer  or 
force  pump  until  thoroughly  blended.  The  resulting  mixture,  being 
a  mechanical  one,  is  not  constant  and  the  arsenical  sinks  to  the  bot- 
tom. The  solution  should  therefore  be  constantly  stirred  while 
being  applied  in  order  that  an  even  application  may  be  made.  In 
appl3ring  an  arsenical  spray  an  effort  should  be  made  to  reach  all  of 
the  leaves,  which  may  be  accomplished  by  spraying  from  two  sides. 
Two  or  three  applications  will  suffice  for  the  spring  generation  of 
rose  slugs.  Scheele's  green  and  some  other  arsenicals  can  be  used 
instead  of  Paris  green. 

Arsenate  of  lead. — A  still  more  valuable  insecticide  for  such  insects 
as  rose  slugs  and  other  leaf  feeders  is  arsenate  of  lead,  but  its  use  is 
open  to  the  objection  that  it  discolors  the  leafage,  leaving  a  white 
deposit,  which  is  not,  however,  permanent.  It  is  applied  in  practi- 
cally the  same  manner  as  Paris  green  and  is  a  less  poisonous  arsenical, 
and,  being  sold  in  paste  form,  is  used  at  a  considerably  greater 
strength — about  1  pound  combined  with  15  to  25  gallons  of  water  or 
Bordeaux  mixture.  Being  adhesive,  it  adheres  more  firmly  to  the 
leafage  and  is  much  less  likely  to  produce  scorching.'' 

Hellebore. — Hellebore  is  used  at  the  rate  of  1  ounce  to  from  2  to  3 
gallons  of  water,  and  kills  by  contact  as  well  as  by  its  poisonous  effects 

«  Additional  information  in  regard  to  the  preparation  and  nse  of  arsenate  of 
lead  and  other  insecticides  is  given  in  Farmers'  Bulletin  127,  which  may  be 
had  gratis  on  application  to  the  U.  S.  Department  of  Agriculture. 
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when  eaten  by  the  insect.  It  is  less  poisonous  to  man  than  an  arsen- 
ical, but  not  so  effective  to  leaf- feeding  larvee.  It  may  also  be  applied 
dry  mixed  with  about  double  its  weight,  or  more,  of  powdered  plaster 
or  cheap  flour. 

When  not  in  use  the  receptacles  containing  poisons  should  be 
plainly  labeled  "  Poison !  "  and  placed  on  a  high  shelf  or  in  a  locker 
out  of  the  reach  of  children.  Properly  applied,  there  is  no  danger, 
in  using  an  arsenical  on  ornamental  plants,  of  poisoning  human 
beings,  or  domestic  animals  other  than  rabbits  or  similar  pets. 

Soaps  and  other  washes. — Oily  soaps,  such  as  fish-oil  or  whale-oil 
soap,  and  other  soaps,  and  tobacco  water  will  kill  these  insects,  but 
their  use  is  open  to  the  objection  that  if  applied  just  before  or  at 
blossoming  they  are  apt  to  injure  the  petals  of  delicate  flowers,  and 
whale-oil  and  tobacco  also  leave  an  unpleasant  odor.  A  neutral 
soap,  such  as  castile  or  that  used  by  physicians  and  surgeons,  leaves 
no  odor. 

Dry  powders. — Fine,  sifted  road  dust,  where  this  can  be  readily 
procured,  is  also  of  value  thrown  upon  the  plants,  preferably  by 
means  of  a  powder  bellows,  as  it  closes  the  breathing  pores  of  the 
larvae  and  thus  kills  them.  Finely  powdered  lime,  and  buhach  (Per- 
sian insect  powder,  or  pyrethrum)  are  also  effective. 

Hand  picking, — If  rose  slugs  are  picked  off  by  hand  upon  their 
earliest  appearance  this  will  greatly  reduce  their  numbers  for  the 
following  year.  In  the  adult  or  "  fly  "  stage  these  insects  may  be 
easily  captured  by  hand  on  cool  mornings.  Hand  picking  may  be 
tedious,  but  it  is  effective. 

Fall  cultivating. — If  other  means  that  have  been  specified  have  not 
been  utilized  for  the  suppression  of  the  slugs,  many  individuals  may 
be  destroyed  by  frequent  cultivation  of  the  soil  between  the  rose 
plants  during  the  late  summer  and  autumn.  This  has  the  effect  of 
breaking  up  their  pupal  cells  and  otherwise  disturbing  the  insects  so 
as  to  interfere  with  proper  hibernation. 

THE  BBISTLY  BOSE  SLTTG. 

(Cladius  pectinicomis  Fourcr.) 

The  bristly  rose  slug,  called  also  the  spiny  rose  slug,  is  the  principal 
enemy  of  the  rose  in  and  near  the  District  of  Columbia,  not  excepting 
the  rose-chafer.  It  is  believed  to  have  been  brought  in  from  Europe 
some  time  prior  to  1833,  since  it  was  mentioned  by  Harris  in  his 
catalogue  of  Massachusetts  insects  of  that  date.  In  the  early 
seventies  it  was  reported  from  Connecticut  and  in  after  years  it  made 
its  way  westward  and  southward,  doing  more  or  less  injury  where- 
ever  established.      Since  1880  it  has  done  much  mischief  in  Wash- 
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ington,  D.  C.  In  1886  it  was  reported  from  Lafayette,  Ind.  In 
1889  it  was  observed  to  be  injurious  at  St.  Charles,  Mo.  Soon  after- 
wards it  was  recognized  as  a  pest  at  St.  Louis,  where  it  attracted 
considerable  attention. 


DESCRIPTION   AND  DISTRIBUTION. 


The  adult  of  this  species  (fig.  3,  a)  differs  considerably  from  that 
of  the  American  rose  slug,  as  will  be  readily  seen  by  a  comparison  of 
the  illustrations  of  the  two  forms.  It  is  a  larger  insect  and  a  mem- 
ber of  a  different  genus.  The  wing  expanse  is  about  one-half  of  an 
inch  for  the  female ;  a  little  shorter  for  the  male.  The  ground  color 
is  black.     The  antennae  are  rather  stout  and  acutely  pointed,  and  in 


Fig.  3. — Bristly  rose  slug  (Cladius  pectinicomis)  :  a.  Adult  female;  5,  antenna  of  male; 
c,  larra :  d,  bead  of  same ;  e,  female  pupa  ;  /,  cocoon.  All  enlarged.  (Reengraved  after 
Rilej,  except  d,  original. 

the  male  the  proximal  joints,  or  those  nearest  the  head,  are  pectinate 
or  comb-toothed  (fig,  3,  6),  which  has  given  rise  to  the  specific  name 
pectinicomis. 

The  egg  (fig.  4,  a)  is  white,  flattened,  rounded,  .stoutest  at  the 
anterior  end,  and  more  pointed  at  the  opposite  end.  It  measures  about 
0.8  mm.  in  length. 

The  larva  or  slug,  shown  in  figure  3,  c,  and  figure  4,  c,  rf,  varies 
frcHD  yellowish  to  glaucous  green,  and  the  whole  surface  is  quite 
bristly,  especially  at  the  sides,  a  character  from  which  this  larva  de- 
rives its  common  name  and  which  will  distinguish  it  from  the  other 
two  that  feed  upon  the  rose.     The  length  when  full  grown-is  a  little 
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more  than  three-fifths  of  an  inch  and  the  diameter  is  between  one- 
tenth  and  two-tenths  of  an  inch. 

The  pupa  (fig.  3,  e)  is  grayish  green,  the  thorax  and  end  of  the 
body  are  slightly  yellowish,  and  the  antennae,  wing-sheaths,  and  legs 
are  white  with  a  slight  greenish  tinge." 

The  distribution  includes  the  States  of  Massachusetts,  Connecticut, 
New  York,  New  Jersey,  Pennsylvania,  Maryland,  the  District  of 
Columbia,  Indiana,  Illinois,  and  Missouri. 

It  is  generally  distributed  on  the  continent  of  Europe  and  occurs 
also  in  England  and  Scotland. 


Fig.  4. — Bristly  rose  slug  (CladiuH  peciinicomU)  :  a,  Kgg ;  h,  portion  of  leaf  showing 
eggs  In  situ  and  work  of  young  larva? :  r,  d,  lateral  and  dorsal  aspects  of  middle  seg- 
ment of  newly  batched  larva ;  c,  larval  claw  ;  /,  rose  leaf  showing  nature  of  defoliation. 
All  except  /  enlarged.     (Reengrnved  aftor  Riley.) 


LIFE    HISTORY. 

The  bristly  rose  slug  differs  considerably  from  the  preceding  in  its 
life  economy.  Its  appearance  at  Washington,  D.  C,  and  at  St.  Louis, 
Mo.,  has  been  observed  from  the  latter  days  of  April  to  the  third 
week  of  May,  beginning  about  the  time  that  the  first  rose  leaves  are 
put  forth.  Its  eggs  are  inserted  in  the  upper  surface  of  the  petiole 
of  the  leaf  and  are  deposited  in  rows  of  three  or  more  together. 

The  slug  in  its  earliest  stage  skeletonizes  the  leaves,  leaving  whitish 
blotches  and  small  holes  (fig.  4,  /),  but  with  increased  growth  it  eats 
large,  irregular  holes  in  the  leaf  (fig.  4,  6),  devouring  the  entire  sub- 

« More  detailed  descriptions  of  the  stages  are  furnished  in  C.  V.  Riley'8 
article,  Insect. Life,  Vol.  V,  pp.  6-11,  which  includes  accounts  of  the  other  two 
species  here  treated. 
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stance,  and  frequently  leaving  nothing  but  the  stronger  ribs.  While 
feeding,  the  slug  rests  in  concealment  on  the  lower  surface  of  a  leaf, 
and  does  not  feed  on  the  upper  surface,  as  does  the  American  rose 
slug.  Upon  attaining  full  growth  it  does  not,  like  the  latter,  aban- 
don the  plant  upon  which  it  has  fed  until  the  final  generation.  Indi- 
cations are  that  there  may  be  three  and,  in  some  seasons  in  its 
southernmost  range,  perhaps  four  generations  produced  each  year, 
larva?  occurring  as  early  as  the  1st  of  May  and  as  late  as  the  Isi 
of  November.  In  northern  Europe  two  generations  are  recognized.** 
The  larvae  of  the  earlier  generations  spin  their  cocoons  (fig.  3,  /), 
which  are  composed  partly  of  silk  and  partly  of  a  glutinous  sub- 
stance, upon  the  lower  surface  of  the  leaves,  or  on  twigs  or  near-by 
objects,  usually  surrounding  them  with  an  irregular  fringe.  The  last 
or  autumn  generation  forms  its  cocoons  among  fallen  leaves  and  other 
rubbish  about  the  base  of  the  rose  bushes. 

The  egg  period  in  late  April  and  early  in  May  has  been  observed 
in  the  District  of  Columbia  to  last  for  from  seven  to  ten  days,  and 
the  young  larva?  begin  feeding  in  the  first  and  second  weeks  of  May. 
Larvse  grow  rapidly,  and  cocoons  have  been  foiuid  by  the  middle  of 
May.  The  pupal  period  observed  was  fifteen  days,  so  that  the  second 
brood  of  flies  may  appear  before  the  end  of  May.  This  second  gen- 
eration begins  work  about  the  second  week  in  June,  but  during  July 
there  is  a  comparative  cessation,  presumably  between  the  second  and 
third  broods  of  worms,  when  fresh  growth  is  little  affected. 

Mr.  G.  Pauls,  St.  Louis  Altenheim,  St.  Louis,  Mo.,  wrote  in  regard 
to  observations  conducted  by  him  on  this  species  at  St.  Louis  in  1904. 
The  sawfly  continued  depositing  eggs  up  to  September  17.  October 
14  he  placed  larvae  in  a  jar;  three  transformed  to  pupae  October  17, 
10,  and  24  and  issued  March  30  to  April  10  of  the  following  year. 
One  larva  pupated  October  16  and  issued  March  22,  having  passed 
about  five  months  in  the  pupal  stage.  This  shows  considerable  varia- 
tion in  the  time  of  issuing  indoors,  and  would  probably  be  duplicated 
to  a  certain  extent  in  the  open.  April  29  he  observed  the  sawfly 
depositing  eggs  on  the  leaves. 

NATURAL   ENEMIES. 

No  natural  enemies  of  this  rose  slug  appear  to  have  been  recog- 
nized in  America,  but  in  Europe  it  is  preyed  upon  by  two  parasites, 
AcTotomvs  lucidulus  Grav.  and  Mesochorus  eimbicis  Ratz, 

*VarlODS  European  authors  have  written  on  this  species.  One  of  the  most 
accessible  general  articles  is  that  by  M.  S.  C.  Snellen  van  Vollenhoven,  trans- 
lated from  the  Dutch  by  J.'  W.  May  and  published  in  The  Entomologist,  Vol. 
VIII,  1875.  pp.  26-29. 
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REMEDIES. 

The  same  remedies  advised  against  the  American  rose  slug  are  em- 
ployed against  the  present  species,  with  the  exception  of  fall  cultiva- 
tion, which  is  practically  useless  when  applied  to  it,  owing  to  the 
fact  that  the  cocoons  are  formed  upon  the  plants  on  the  surface  of 
the  ground  and  not  buried  in  the  earth  as  with  the  preceding  species. 
Since  there  are  more  than  one  generation  of  this  slug,  sprinkling 
with  water  and  spraying  with  poisons  must  be  repeated  several  times 
in  order  to  produce  the  desired  results;  in  short,  as  often  as  the 
insects  reappear  upon  the  plants,  from  April  to  October,  according  to 
.locality. 

THE  COILED  BCN3E  SLUG. 

(Emphytus  cinctus  L.«) 

The  third  of  the  rose  slugs  under  consideration,  the  coiled  rose 
slug,  is  a  comparatively  recent  importation.  As  with  the  two  pre- 
ceding species,  it  first  attracted  attention  near  Boston,  Mass.,  but 
not  until  the  year  1887.^  It  is  probable,  however,  as  in  the  case  of 
most  European  insects  introduced  into  this  country,  that  its  importa- 
tion was  accomplished  at  a  considerably  earlier  date.  Reasoning 
from  analogy,  this  insect  might  have  been  brought  from  the  mother 
country  on  potted  roses  ten  or  twenty  years  earlier  than  the  date 
specified,  as  that  length  of  time  is  sometimes  necessary  for  a  foreign 
insect  to  become  permanently  established  so  as  to  attract  attention 
by  its  injuries. 

DESCRIPTION    AND   DISTRIBUTION. 

From  the  two  preceding  species  this  insect  may  be  readily  sepa- 
rated on  account  of  its  larger  size  in  the  adult  stage  (fig.  5,  a) .  It  has 
nearly  transparent  wings,  and  a  wide  band  which  crosses  its  shining 
black  abdomen  near  the  middle.  The  body  is  comparatively  slender, 
and  the  head  longer  than  in  the  other  two  species.  The  wing  expanse 
is  about  five-eighths  of  an  inch  and  the  length  of  the  body  about  three- 
eighths  of  an  inch. 

The  larva  when  mature  is  about  three- fourths  of  an  inch  long  and 
differs  notably  from  the  other  two  species  here  considered  in  being 
perfectly  smooth.  It  is  cylindrical  and  tapers  very  slightly  toward 
the  posterior  extremity.  The  color  is  metallic  green  above,  orna- 
mented with  small  white  dots,  and  the  lower  surface,  including  the 
legs,  is  grayish  white.  The  head  (fig.  5,  c)  is  yellowish  orange,  with 
a  dark  brownish-black  stripe  down  the  middle.     The  eyes  are  black. 

^Emphytus  cinctipes  Nort.  is  recognized  as  a  synonym. 
*J.  G.  Jaclj,  Garden  and  Forest,  Mar.  26,  1890,  pp.  151-152. 
[CIr.  105] 
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The  first  thoracic  segment  is  blue  and  the  last  two  are  gray.*"  The 
larva  habitually  regts  in  the  coiled  or  curled  position  shown  in 
figure  5,  6,  one  that  is  never  assumed  by  either  of  the  other  rose  slugs, 
and  it  is  from  this  habit  that  it  derives  its  English  name. 

In  addition  to  Boston,  it  has  been  authentically  reported  from 
Jamaica  Plain,  Roxbury,  and  New  Bedford,  Mass.;  portions  of 
Maine;  Allegheny,  Pa.;  New  York,  and  Canada.  In  the  Eastern 
Hemisphere  this  species  ranges  over  the  major  portion  of  Europe, 
extending  into  Siberia. 

NATURAL   HISTORY. 

The  coiled  rose  slug  is  credited  with  being  double-brooded,  and  as 
it  extends  its  range  southward  it  will  probably  produce  a  third  gen- 
eration, since  we  know  of  the  appearance  of  the  "  worm  "  from  May 


FiQ.  5. — Coiled  rose  slug  (Emphylus  cinctu8)  :  a.  Adult  fi'inulr  :  h,  full-grown  larva;  c, 
bead  of  same;  d,  work  on  plant;  e,  e,  young  larvse  at  work.  J,  e.  Natural  size;  a,  b, 
enlarged;  c,  more  enlarged.     (Roengravcd  aftor  Riley.) 

to  October.  Eggs  are  deposited  singly  on  the  underside  of  the 
leaves  to  the  observed  number  of  from  three  to  seven.  This  slug 
differs  from  the  others  in  devouring  the  entire  substance  of  a  leaf, 
feeding  along  the  edges  with  its  body  coiled  beneath  it,  and  when  at 
rest  remaining  curled  in  a  ball  on  the  lower  surface  (see  fig.  5,  e). 
Upon  reaching  maturity  the  slug  deserts  the  leaves  and  bores  into 
the  pith  of  the^stems  of  dead  rose  bushes  or  other  available  plants, 
and  here  the  pupal  state  is  passed,  the  fall  generation  hibernating  to 
emerge  the  following  May.  At  Boston,  Mass,  the  adults  have  also 
been  observed  in  July^his  indicating  the  first  new  generation. 


•A  more  teclmical  description  by  Dr.  H. 
Entomologist,  Vol.  XXVI,  p.  186. 
[Cir.  1051 
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NATURAL    KNEMIES. 

A  parasitic  enemy  of  this  species  was  reared  by  the  writer  from 
larvae  received  from  Allegheny,  Pa.,  in  1904.  It  issued  October  20, 
and  proved  to  be  a  tachina  fly,  Tachina  rusti^a  Fall. 

In  Europe  an  ichneumon  fly,  Cryptua  emphytorum  Boie.,  is  para- 
sitic upon  this  sawfly. 

REMEDIES. 

The  remedies  are  the  same  as  for  the  American  rose  slug,  subject, 
however,  to  the  same  changes  as  for  the  bristly  rose  slug. 

Approved : 

James  Wilson, 

Secretary  of  Agriculture. 

Washington,  D.  C,  August  4,  1908, 

ICIr.  105] 


Digitized  by 


Google 


Circular  Na  106. 


Issued  May  13, 1909. 


United  States  Department  of  Agriculture, 

BUREAU  OF  ENTOMOLOGY. 
L.  O.  HOWARD,  Entomologist  and  Chief  of  Bureau. 


THE  WHEAT  STRAWWORM. 

{hosoma  grande  Riley  J 

By  F.  M.  Webster, 
In  Charge  of  (Weal  and  Forage  Plant  Insect  Investigations y 

AND 

Geo.  I.  Reeves, 
Assistant  in  Cereal  and  Forage  Plant  Insect  Investigations. f^ 

The  wheat  strawworm  (fig.  1 )  sustains  about  the  same  relat  ions  to 
winter-wheat  culture  west  of  the  Mississippi  River 
that  the  joint  worm  (hosoma  tritici  Fitch)  ^  does 
to  the  cultivation  of  this  cereal  east  of  this  river. 
Both,  when  excessively  abundant ,  occasion  losses 
varying  from  slight  to  total.  A  wheat  stem  at- 
tacked by  the  jointworm  may  produce  grain  of  a 
more  or  less  inferior  quality  and  less  of  it;  but  the 
spring  attack  of  the  wheat  straww'orm  (fig.  5)  is 
fatal  to  the  plant  affected,  as  no  grain  at  all  is  pro- 
duced; and  while  the  second  generation  of  the 
same  has  a  less  disastrous  effect  in  the  field,  it 
nevertheless  reduces  the  grade  and  weight  of  the 
grain. 

In  the  Ohio  Valley  and  south  of  Pennsylvania 
the  ranges  of  these  two  insects  overlap  (fig.  2); 
both  species  are  often  to  be  found  in  the  same 
field,  the  wheat  strawworm,  however,  being  less 
abundant  and  doing  usually  but  slight  injury, 
while  the  jointworm  occasionally  becomes  a  seri- 
ous pest. 

o  During  the  last  two  y«ara  Mr.  Reeves  has  been  engaged 
in  the  investigation  of  this  pest  in  the  State  of  Washington 
in  cooperation  with  the  agricultural  experiment  station  of 
that  State.  With  the  exception  of  the  statements  made 
relative  to  the  behavior  of  the  pest  in  the  Northwest,  for 
which  exclusive  credit  is  to  be  given  the  junior  author,  the 
senior  author  is  responsible  for  the  circular. 

^See  Circular  No.  66,  Bureau  of  Entomology,  United  States  Department  of  Agri- 
culture, 1905. 
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Fig.  1.  Lana  of  Isotoma 
grande  in  wheat  straw. 
(Original.) 


West  of  the  Mississippi  River,  throughout  the  winter-wheat  grow- 
ing territory,  the  jointworm,  if  it  occurs  at  all,  is  never  destructive. 
The  wheat  strawworm,  on  the  other  hand,  appears  to  be  generally 
distributed,  at  times  committing  very  serious  depredations  which 
have,  at  least  in  some  cases,  been  charged  to  the  Hessian  fly,  as  shown 
by  the  fact  that  some  of  these  ravages  have  occurred  in  sections  where 
the  Hessian  fly  is  not  known  to  exist.  Besides,  while  the  Hessian  fly  is 
manageable  with  more  or  less  difficulty,  the  wheat  strawworm  is 


Fio.  2.— Present  known  distribution  of  Isosoma  grande  and  Isosoma  tritici  In  the  United  States. 

(Original.) 

one  of  the  easiest  of  all  insect  pests  to  control  by  entirely  practical 
measures.     Indeed,  it  need  not  be  allowed  to  become  a  pest  at  all. 

DESCRIPTIONS    AND    SEASONAL   DEVELOPMENT. 


There  are  two  generations  of  the  insect  annually,  the  adults  of  the 
first  generation  (fig.  3)  differing  considerably  in  appearance  from 
those  of  the  second  (fig.  4).  To  the  farmer  they  will  all  look  like 
minute  or  large,  shining  black  ants,  with  or  without  wings,  their  legs 
more  or  less  banded  with  yellow,  and  ha^ang  red  eyes.  Individuals 
of  the  first  generation  emerge  in  April  from  the  outstanding  straws 
and  stubble.  They  are  very  small,  most  of  them  are  females,  and 
many  are  wingless.  The  females  deposit  their  eggs  in  the  young  wheat 
plants,  the  stems  of  which  at  this  time  extend  but  little  above  the 
surface  of  the  ground.  The  egg  is  placed  in  or  just  below  the  embry- 
onic wheat  head  (see  fig.  6)  and  the  larva  or  worm  works  within  the 
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stem,  usually  causing  a  slight  enlargement.  When  the  worm  is  full- 
grown  it  will  be  found  in  the  crown  of  the  plant,  having  eaten  out 
and  totally  destroyed  the  embryonic  head,  its 
bod3r  occup3ring  the  cavity  thus  formed. 

The  females  (fig.  3)  which  deposit  these  eggs, 
being  small  and  frequently  \vingless,  are  in  no 
way  fitted  for  traveling  long  distances.  The 
larva  or  worm  (fig.  1)  is  of  a  very  light  straw 
color,  indeed  almost  white,  with  brown  jaws,  the 
form  of  the  body  being  as  shown  in  the  illustra- 
tion. These  worms  develop  very  rapidly  and, 
as  they  feed  on  the  most  nutritious  part  of  the 
plant,  they  become  robust  and  larger  than  those 
foimd  in  the  mature  straw  in  late  summer.*  In 
May  the  larvae  become  full  grown  (fig.  5)  and  pass 
at  once  through  a  short  pupal  stage.  (See  fig.  7.) 
The  pupae  are  at  first  the  same  color  as  the  larvae, 
but  later  change  to  a  shining  jet  black.  In  a  few 
days  the  fully  developed  insects  gnaw  circular 
holes  through  the  walls  of  the  stem  and  make  their  way  out.  These 
adults  (fig.  4)  are  much  larger  and  more  robust  than  the  individuals  of 


FiQ.  3.— wingless  adult  of 
the  spring  form  of  l809oma 
grande.    (Original.) 


FlQ.  4. — Itosoma  grande:  Adult  female,  summer  form.    (Original.) 

the  first  generation  and  are  provided  with  fully  developed,  serviceable 
wings.  That  they  make  good  use  of  their  wings,  and  scatter  them- 
selves about  over  fields  adjacent  to  their  place  of  development,  is 
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shown  by  their  occurrence  in  fields  of  grasses  (in  the  stems  of  which 
they  do  not  breed)  situated  considerable  distances  from  wheat  fields. 
In  ovipositing,  the  females  of  this  generation  select  the  largest  and 
most  vigorous-growing  stems  in  which  to  place  their  eggs. 

The  adults  of  the  second  generation  deposit  their  eggs  from  early 
May,  in  Texas,  up  to  the  middle  of  June,  in  northern  Indiana,  or 
about  the  time  the  wheat  is  heading.  Their  aim  at  this  time  is  to 
place  the  eggs  singly  in  the  growing  stem  just  above  the  youngest 
and  most  succulent  joints,  which  are  not  so  covered  by  the  enfolding 
leaf  sheaths  as  to  be  inaccessible  to  them  (see  fig.  8).  Thus  it  is  that 
the  stage  of  advancement  in  the  growth  of  the  wheat  stems  at  the 
time  of  oviposition  of  the  summer  generation  of 
females  determines  whether  the  larvae  will  be  well 
upward  in  the  straw,  and  therefore  removed  after 
harvest,  or  lower  down  and  consequently  left  in 
the  field  in  the  stubble. 

The  method  of  oviposition  and  the  point  where 
the  egg  is  usualljr  inserted  are  shown  in  figure  8. 
The  shape  of  the  egg  after  being  placed  in  the  stem 
is  also  shown  in  the  same  figure.  The  larva  forms 
no  gall,  nor  does  it  harden  the  stem  within  which 
it  develops.  There  is  normally  but  one  larva  in 
each  joint;  but  if  several  eggs  have  been  placed 
between  joints  and  produce  larvse  there  will  be 
one  in  the  center  of  the  stem  just  above  the  joint 
and  others  in  the  walls  just  under  the  internal 
wall  covering  or  inner  epidermis.  These  larvae  in 
the  walls  of  the  straw  do  not,  as  a  rule,  kill  the 
stem,  but  their  effect  is  to  shrink  kernels,  curtail- 
ing the  yield  by  reducing  the  weight.  The  larvae 
develop  rapidly  and  reach  their  full  growth  before 
the  straw  has  hardened.  By  October,  in  the  Mid- 
dle West,  though  earlier  in  the  South,  they  pass 
into  the  pupal  stage,  in  which,  as  a  rule,  they  remain  until  early 
spring,  whereupon  they  develop  to  adults  and  gnaw  their  way  out. 


Fio.  5.— Larva  of  the- 
wheat  strawwonn  (/«o- 
soma  grandt):  e,  An- 
tenna; /,  Jaw.  Line  at 
right  indicates  natural 
length.     (After  Riley.) 


HISTORY   OP   THE    SPECIES. 

In  June,  1880,  Mr.  J.  K.  P.  Wallace,  of  Anderson ville,  Tenn.,  sent 
wheat  straws  containing  larvse  of  this  species  to  Dr.  C.  V.  Riley,  then 
Government  Entomologist,  with  the  statement  that  nearly  every 
straw  in  his  field  was  infested  by  similar  larvae  and  as  a  consequence 
was  inclined  to  fall  before  the  grain  had  fully  ripened.  It  was  from 
these  straws  that  the  types  of  Isosoma  tritici  Riley  were  secured.  In 
October,  and  later  on  in  1881,  Mr.  J.  G.  Barlow,  of  Cadet,  Mo.,  sent 
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Doctor  Riley  many  infested  straws,  from  which  adults  of  the  spring 
form  were  afterwards  reared.  At  Carbondale,  111.,  in  June,  1882, 
Prof.  G.  H.  French  found  the  species  infesting  wheat  fields,  in  some 
cases  93  per  cent  of  the  straws  being  affected  and  from  one  to  three 
larvae  being  found  in  each  straw.^ 

September  16,  1882,  straws  containing  pup®  and  an  occasional 
'larva  were  received  by  Doctor  Riley  from  Mr.  J.  A.  Stamer,  Dayton, 
Columbia  County,  Wash.  On  October  1,  1883,  the  senior  author 
received  infested  straws  from 
Stockton,  Cal.,  through  Professor 
French,  and  from  these  he  was 
able  to  rear  the  spring  form  of 
adults  during  the  following  Febru- 
ary. On  May  8,  1884,  he  found 
adults  abroad  in  a  wheat  field  near 
Bloomington,  111.  On  May  9 
oviposition  was  observed,  larva* 
were  found  in  the  wheat  plants 
May  28,  and  a  single  pupa  was 
found  on  the  following  day,  all  in 
the  same  field  of  growing  wheat. 
Straw  taken  from  this  same  field 
early  in  the  following  July  pro- 
duced the  spring  form  of  this 
species  the  following  spring — 
April,  1885. 

At  Oxford,  Ind.,  June  6,  1884, 
the  senior  author  found  large 
winged  adults  of  the  suraimer  form 
ovipositing  in  the  stems  of  grow- 
ing wheat,  and  in  a  small  devel- 
oped stem  like  those  observed  in 
May,  about  Bloomington,  111.,  a 
living  pupa  was  found.  Straws 
from  the  Oxford  field  gave  pre- 
cisely the  same  form  the  following  April  as  did  the  straw  from 
Bloomington.  The  larger  form,  observed  at  Oxford  June  6  and 
later,  was  also  collected  in  fields  about  Bloomington  a  few  days 
earlier.  Larvae  of  this  larger  form  were  found  in  wheat  fields  in 
southern  Illinois  in  May,  and  the  adults  were  observed  in  the  same 
section  of  country  in  late  May  and  early  June  by  Prof.  H.  Garman, 
at  that   time   assistant  to   Dr.  S.  A.   Forbes.**      Doctor  Riley  de- 


Fio.  6.— /«(Moma  grande:  Showing  point  where 
female  of  the  spring  form  deposits  the  egg  in 
young  wheat  in  early  spring.  Enlarged,  show- 
ing position  of  egg,  at  right.    (Original.) 


a  Prairie  Farmer,  July  8,  1882. 

b  Fourteenth  Rep.  State  Ent.  111.,  pp.  34-37,  1885. 
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scribed  this  larger  form  as  a  new  species,  giving  it  the  name  grande.^ 
During  the  years  1884  and  1885,  however,  the  senior  author 
reared  Riley's  Isosoma  tritid  from  straws  in  which  only  his  /. 
grande  had  oviposited  and  his  /.  grande  from  plants  to  wliich  only 
/.  tritici  had  access.     As  this  last  name  had  been  applied  by  Doctor 

Fitch  many  years  earlier  to  an- 
other insect,  the  jointworm,  the  * 
name  grande  must  necessarily  be 
given  to  both  forms. 

BUREAU     NOTES     AND     OBSERVA- 
TIONS   BY    ASSISTANTS. 

Strangely  enough,  one  of  the 
earliest  reports  of  this  species 
came  from  Mr.  J.  A.  Stamer, 
Dayton,  Columbia  County,  Wash. 
Infested  straws  containing  a  few 
larvae,  but  mostly  pupse,  were 
received  September  16,  1882, 
showing  that  even  at  that  early 
date  it  was  sufficiently  abundant 
to  attract  the  attention  of  farm- 
ers. Mr.  D.  W.  Coquillett  found 
it  at  Anaheim  and  Atwater,  Cal., 
in  1885,  while  Mr.  Albert  Koe- 
bele  found  it  during  the  same 
year  at  Folsom,  Cal.  It  was 
also  sent  to  the  Department  by 
Mr.  J.  F.  Donkin,  from  Grayson, 
Cal.,  during  the  same  year.  In 
1885  Prof.  F.  H.  Snow  reported 
it  as  doing  serious  injury  in 
McPherson,  Morris,  Osborne, 
Ottawa,  and  Saline  counties, 
Kans.,  and  mentioned  it  as  a 
new  pest,^  and  in  1891  it  was 
prevalent  in  central  and  west- 
em  Kansas.*'  In  1886  Mr.  Coquillett  found  it  at  Los  Angeles,  Cal. 
During  August,  1890,  infested  straws  from  Washington  State  were 
received  at  the  Department  from  Moses  Bull,  Pullman;  J.  W.  Jessup, 
Rosalia;    G.   W.   Dunn,  Tekoa;    and  Milton  Evans,  Walla  Walla. 


Fig.  7.—Iaosoma  grande:  Pupa  of  sunmier  fonn  In 
young  wheat.    (Original.) 
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Although  there  were  no  reports  of  damage  in  the  spring,  injifry  was 
sufficiently  marked  to  attract  the  attention  of  farmers,  and  from 
these  one  frequently  hears,  even  up  to  the  present  time,  descriptions 
and  reminiscences  of  what  seems  to  have  been  the  first  serious  out- 
break of  the  pest  in  the  United  States. 

The  senior  author  found  the  species  abundant  but  not  destructive 
at  Princeton,  Ind.,  in  1887  and  again  in  1902.  June  27,  1893,  infested 
straws  were  sent  to  the  Department  of  Agriculture  by  Mr.  E.  J. 
Woodville,  Indiantown,  Va.  In  1905  the  junior  author  found  the 
species  infesting  growing  wheat  about  Conway,  Ark.,  April  7,  the 
larvse  being  apparently  full  grown;  and  at  Petty,  Tex.,  April  14,  he 
found  larv8B  and  pupse  present  in  great  numbers,  in  some  cases  50 
per  cent  of  the  young  wheat  plants  being  infested.  He  also  found 
half  -  grown  larvsB  at  Concordia, 
Kans.,  April  21.  During  the  same 
year  the  senior  author  found  larvae 
in  young  wheat  at  Lexington,  N.  C, 
April  12;  and  at  Statesville,  N.  C, 
on  the  following  day,  he  found  not 
only  larvae  in  the  young  plants,  but 
females  of  the  spring  form  in  the  act 
of  ovipositing.  At  Charlotte,  N.  C, 
April  14,  larvae  and  pupae  were  found 
abundantly  in  the  young  wheat.  On 
the  18th  of  the  same  month  young 
larvae  were  found  in  young  wheat 
plants  at  Dublin,  Va.  Mr.  W.  J. 
Phillips  found  the  species  quite  nu- 
merous in  young  wheat  plants  at 
Nashville,  Tenn.,  April  20,  and 
studied  the  oviposition  of  both  forms 
at  Richmond,  Ind.,  from  May  26  to 
June  27.  June  16  the  Bureau  received  infested  straws  from  Mr.  H.  W. 
Joy,  Hays,  Kans.  On  May  24  of  the  following  year,  Mr.  Phillips  found 
the  species  abundant  at  Geneva,  Ind.,  where  the  females  of  the  summer 
form  were  just  beginning  to  emerge  from  the  young  wheat;  and  the 
senior  author  observed  it  again  at  Charlotte,  N.  C,  May  9,  with  indica- 
tions that  it  had  done  considerable  injury  to  young  wheat.  Mr. 
Phillips  observed  it  during  1907  at  Kingfisher,  Okla.,  and  at  Beloit, 
Elans.,  on  April  15 ;  at  Lenora,  Kans.,  May  20 ;  and  at  Kearney,  Nebr., 
May  24.  In  all  cases  it  was  more  or  less  abundant.  June  1  of  the 
same  year  Mr.  C.  N.  Ainslie  found  adults  of  the  spring  form  at 
Wellington,  Kans. ;  from  April  30  to  May  7  he  found  the  adult  females 
of  this  form  abroad  in  the  fields  at  Sterling,  Kans. ;  and  on  May  26  he 
found  them  ovipositing  in  wheat  at  Hays,  Kans.,  and  other  points 
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Fig.  8.— Method  of  oviposition  of  female 
of  summer  form  of  Isosoma  grande:  a, 
Female  inserting  her  eggs;  b,  section  ol 
\rheat  stem  showing  egg  and  ovipositor;  c, 
egg,  greatly  magnified;  c\  egg  in  position  in 
pith  of  wheat  stem;  d,  ovipositor,  (a,  After 
Riley;  6, original.) 
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farther  west.  He  found  them  ovipositmg  in  durum  wheat  at  Oakley, 
Kans.,  June  3,  and  on  the  following  day  also  in  durum  wheat  at 
Colby,  Kans.  Again,  June  8,  he  found  them  abroad  in  wheat  fields 
at  Manhattan,  Kans.  Females  of  the  summer  form  were  observed  by 
Mr.  E.  O.  G.  Kelly  ovipositing  at  Caldwell,  Kans.,  May  14,  1908. 

May  26  to  28,  1908,  Mr.  AinsUe  found  both  sexes,  the  females  ovi- 
positing, near  Chambersburg,  Pa.  This  is  the  farthest  east  that  we 
have  any  record  of  the  existence  of  the  species,  the  most  eastern 
point  of  occurrence  previously  known  being  at  Andover,  in  extreme 
northeastern  Ohio,  where  the  senior  author  found  the  larvae  in  wheat 
straw,  August,  1904. 

As  will  be  observed  from  the  foregoing,  the  adult  female  emerges 
early  in  spring  and  deposits  her  eggs  in  the  young  wheat  plants  before 
the  latter  have  made  much  growth.  By  the  time  wheat  is  beginning 
to  show  the  heads  within  the  enfolding  sheath  leaves,  adults  of  the 


Fig.  d.—Eupelmus  ailynii:  Male,  much  en-        Fig.  10.— Eupflmus  aUynii:  Female,  much  enlarged, 
larged.    ( From  Riley . )  ( From  Riley . ) 

second  generation  are  abroad  and  depositing  in  the  upper  stems ;  the 
larvae  from  these  pass  the  winter  as  pupae  and  emerge  as  adults  early 
the  following  spring,  exact  dates  of  course  varying  with  the  latitude 
and  other  influences. 

NATURAL    ENEMIES. 

Probably  the  most  eflBicient  enemy  of  this  species  is  a  small,  slender, 
four-winged  fly  (figs.  9,  10),  with  a  somewhat  brilliant  metallic  body 
and  yellow  legs.  It  has  a  very  sUght  resemblance  to  an  Isosoma,  and, 
indeed,  was  described  by  French  as  Isosoma  allyniij  but  it  is  now 
known  as  Eupelmus  ailynii,  A  somewhat  similar  insect  with  metallic 
body  and  yellow  abdomen,  SemioteUus  isosomatis  Riley  (fig.  11),  is 
very  efficient  in  destroying  the  larvae  in  the  straw.  Homopoma 
{SemioteUus)  chdlcidiph<igu8  Walsh  (fig.  12),  and  beyond  a  doubt 
other  chalcidids,  are  also  instrumental  in  holding  it  in  check.     These. 
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parasites  are  all  the  more  eflScient  as  they  are  double-brooded, 
developing  in  late  summer  and  at  once  ovipositing  in  other  larvae. 

In  1908,  at  Wellington,  Kans.,  Mr.  E.  O.  G.  Kelly,  beginning  April 
10  with  the  larvse  in  the  straw,  followed  the  insect  up  to  June  4,  wit- 
nessing oviposition  in  both  the  spring  and  summer  forms.  Through 
the  remainder  of  June  and  most  of  July  he  was  absent,  and  on  his 
return  he  was  unable  to  find  the  larv»  in  the  straw,  although  stubble 
and  straws  perforated  with  holes  made  by  the  escaping  parasites  were 
found  everywhere  in  the  fields.  On  accoxmt  of  the  abundance  of  such 
evidence  in  the  fields,  Mr.  Kelly  was  convinced  that  the  pest  had  been 
lai^ely  overcome  in  that  locality  by  Ewpelmus  aUynii,  At  Pratt, 
Kans.,  November  17,  a  few  larv»  were  foxmd  in  wheat  straws,  with 
indications  that  parasites  had  been  present  to  a  limited  extent,  and 
practically  the  same  situation  was  found  to  occur  at  Sedgwick,  Kans., 
the  following  day.  Quite  significant,  however,  was  the  fact  that  in 
the  vicinity  of  Pratt,  on  September  16,  Mr.  T.  D.  Urbahns  foimd  in  an 


Fw.  n.—SemtoteUtu  isosomatU:   Parasite  of  TiQ.U.—Uomoporuschalctdiphagua:  Parasite  of 

IfOBomagrande,  Greatly  enlarged.  (Original.)  IsoatymaQrande.  Greatly  enlarged.  (Original.) 

old  wheat  field  not  a  single  living  Isosoma  larva,  while  85  per  cent  of 
the  straws  gave  unmistakable  evidence  by  the  holes  in  them  that 
these  larvffi  had  been  present,  but  were  destroyed  by  parasites. 

Quite  in  accord  with  this  it  will  be  remarked  that  the  junior  author, 
in  his  discussion  of  the  outbreak  of  the  pest  in  Washington  State,  in 
1908,  does  not  mention  parasites  at  all — not  because  he  overlooked 
the  matter,  but  because  he  reared  only  a  single  individual  parasite, 
probably  SemioteUus  iaosamatis  Riley,  and  there  was  no  evidence  of 
the  presence  of  parasites  in  any  numbers  in  the  section  of  coimtry 
visited  by  him.  This  will  perhaps  throw  some  light  upon  the  prime 
causes  of  this  outbreak.  Besides,  it  opened  the  way  for  an  intro- 
duction into  Washington  State  of  the  parasites  affecting  the  pest  in 
the  East.  It  is  as  yet  too  soon,  however,  to  expect  definite  results 
from  these  introductions. 

In  Indiana  and  the  Middle  West  when  the  wheat  is  harvested  the 
straw  is  frequently,  and,  in  fact,  almost  invariably,  cut  off  between 
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joints,  thus  leaving  the  larvae,  if  there  are  such  in  the  straws  at  that 
point,  exposed  to  attack  from  predaceous  insects.  The  larvae  of  a 
small,  slender,  black  and  yellow  carabid  beetle  (Leptotracheltis  dor- 
sails  Fab.)  crawls  up  the  stalks,  descends  into  the  stubble,  and  devours 
the  Isosoma  larvae,  but  unfortunately  its  taste  is  such  that  it  does  not 
confine  itself  strictly  to  Isosoma  but  devours  parasite  as  well  as  host. 
The  mite  PedicuUndes  (Heteropus)  ventricosus  (fig.  13)  is  also  an 
enemy,  gaining  access  to  the  larvae  precisely  as  do  the  beetle  larvae 
previously  mentioned. 

PREVENTIVE    MEASURES. 

There  are  no  remedial  measures,  since  it  is  impossible  to  alleviate 
or  influence  in  any  way  the  effect  of  larvae  in  the  infested  wheat  plants. 
As  it  is  the  larger  and  more  vigorous  plants  that  the  females  select  for 
egg-laying  purposes,  no  amoxmt  of  enriching  the 
soil  will  affect  the  numbers  of  the  pest  or  lessen  their 
influence.  Preventive  measures  are,  however,  sim- 
ple, practicable,  and  effective.  Indeed,  the  wheat- 
straw  worm  is  one  of  the  very  easiest  of  all  insects 
k)  control.  The  diminutive  size  of  the  female  that 
emerges  in  early  spring  renders  extended  migrations 
fatal,  since  during  that  period,  when  the  weather  is, 
of  all  seasons,  the  most  erratic  and  liable  to  sudden 
and  extreme  changes,  it  tries  to  avoid  the  frequent 
storms  by  seeking  protection  on  the  underside  of  the 
leaves  of  the  growing  plants.  But,  most  fortunate 
of  all  for  the  farmer,  large  nimabers,  if  not  indeed 
much  the  greater  proportion,  of  these  females  have 
no  wings  and  can  only  make  their  way  from  plac« 
to  place  by  crawling. 
The  advantage  of  all  of  this  to  the  farmer  is  shown  by  the  fact  that, 
where  the  preceding  crop  has  been  other  than  wheat,  the  injury  to  the 
yoimg  wheat  plants  in  spring  is  confined  to  the  margins,  and  especially 
where  such  margins  border  on  other  fields  that  have  been  devoted  to 
wheat  for  a  number  of  consecutive  years,  ilr.  Reeves,  as  will  be  ob- 
served further  on  in  this  publication,  has  been  able  to  measure  the 
relative  diminution  of  attack  from  the  borders  of  the  field  inward 
toward  the  center.  Similar  observations  had  previously  been  made 
in  other  sections  of  the  country.  One  of  the  earliest  notes  made  on 
this  species  by  the  senior  author  was  in  June,  1884,  in  a  field  of  wheat 
sown  the  previous  autumn,  among  com,  the  land  bordering  to  the 
south  on  a  stubble  field.  The  following  spring  there  were  many 
wheat  plants  injured  along  the  south  margin  of  the  field,  but  none 
could  be  found  along  the  northern  border.     With  the  appearance  of 
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the  second  generation,  composed  of  large,  vigorous  females  with  well- 
developed  wings,  the  diffusion  would  become  comparatively  general, 
and,  therefore,  the  second  year,  if  the  field  were  to  be  continued  in 
wheat,  would  find  the  infestation  more  nearly  uniform  throughout. 

It  is  significant,  too,  that  the  pest  becomes  much  more  destructive 
the  longer  wheat  is  grown  continuously  on  the  same  ground.  As  early 
as  1882  Prof.  G.  H.  French  observed  that  while  93  per  cent  of  the 
straws  were  infested  in  a  field  where  the  same  grain  had  been  grown 
the  year  before,  in  a  field  where  clover  had  been  grown  the  previous 
year  only  about  5  per  cent  of  the  straws  were  infested.  At  Petty, 
Tex.,  April  14,  1905,  the  junior  author  found  a  field  of  wheat  that  had 
been  in  this  grain  for  two  consecutive  years  very  seriously  injured. 
There  were  spots  several  yards  square  where  the  ground  was  bare, 
and  surrounding  these  were  areas  where  half  of  the  living  plants  were 
infested.  At  Sawyer,  Kans.,  in  an  old  field,  Mr.  Urbahns  found  that 
85  per  cent  of  the  straws  gave  unmistakable  evidence  of  having  been 
infested.  All  of  this  points  conclusively  to  the  efficiency  of  a  rotation 
of  crops  that  will  eliminate  the  growing  of  wheat  two  years  in  succes- 
sion on  the  same  land.  Where  for  any  reason  this  can  not  be  done, 
the  measure  next  in  efficiency  will  be  the  burning  of  the  stubble  and 
outstanding  straw  during  the  fall  or  winter. 

DELATIONS    OP  THE  WHEAT  STEAWWOBM  TO  WHEAT  PBODITCTION  IN 

THE  NOSTHWEST. 

By  Geo.  I.  Reeve8. 

The  wheat  strawworm,  by  reason  of  its  relation  to  both  the  climate 
and  the  farm  methods  of  the  most  productive  portion  of  the  Pacific 
Northwest,  is  capable  of  great  injury  to  wheat  growers.  Though 
its  greatest  inroads  are  made  upon  spring  wheat,  it  is  winter  and 
volunteer  wheat  which  render  those  inroads  possible.  Its  work  is 
of  such  nature  that  it  passes  xmobserved,  mdess  an  attack  of  unusual 
severity  causes  the  farmer  to  scrutinize  his  fields  more  closely  thati 
he  is  accustomed  to  do.  The  constant  small  losses  occasioned  by 
this  insect  and  the  possible  destruction  of  the  crop  over  considerable 
areas  may  be  prevented  by  such  measures  as  every  good  farmer 
employs  to  maintain  the  fertility  of  his  soil,  secure  a  good  seed  bed, 
retain  moisture,  and  eradicate  weeds. 

The  strawworm  may  be  found  wherever  wheat  is  grown  in  the 
Columbia  basin,  that  great  and  fertile  plain  of  varying  topography 
and  climate  which  is  inclosed  by  the  Okanagan  Highlands  on  the 
liorth,  the  Rocky  Mountains  on  the  east,  the  Blue  Mountains  on  the 
south,  and  the  Cascade  Mountains  on  the  west;  but  it  is  not  equally 
destructive  over  all  that  territory.  The  central  and  western  parts 
of  this  basin,  except  in  the  Goldendale  and  Horse  Heaven  districts, 

ICl'-'lO^J  Digitized  by  Google 


12 

are  arid,  producing  little  or  no  wheat,  and  a  strip  east  of  this,  known 
as  the  dry-farming  region,  where  the  scanty  rainfall  makes  it  nec- 
essary to  summer-fallow  the  land  every  second  year,  is  by  that 
means  protected  from  serious  injury;  but  the  eastern  zone,  a  strip 
200  miles  long,  included  between  the  dry-farming  area  and  the  upper 
limit  of  wheat  culture  at  the  elevation  of  3,000  feet,  aflfords  ideal 
conditions  for  the  production  of  small  grains  and  also  for  the  prop- 
agation of  this  insect.  The  climate  is  characterized  by  mild  winters 
suitable  for  the  growing  of  winter  wheat — cold,  wet  spring  weather, 
such  as  is  desirable  for  all  small  grains,  and  hot,  dry  summers  per- 
fectly adapted  to  the  maturing  and  harvesting  of  the  crop.  The 
soil  is  such  that  after  more  than  thirty  years  of  almost  continuous 
production  it  still  yields  30  to  40  bushels  of  wheat  per  acre.  These 
conditions  encourage  the  seeding  of  wheat  year  after  year  upon  the 
same  ground,  and  such  a  practice,  together  with  the  presence  of 
winter  or  late  volunteer  wheat,  supplies  the  requirements  for  the 
imhindered  multiplication  of  the  strawworm.  Owing  to  the  drought 
of  summer  the  volunteer  wheat  usually  does  not  germinate  imtil 
about  the  same  time  as  the  fall-sown  wheat,  and  the  significance  of 
this  fact  appears  when  we  come  to  study  the  insect^s  life  history. 

This  Isosoma  passes  the  winter  in  the  larval  (fig.  1)  or  pupal 
(fig.  7)  stage  and  reaches  maturity  early  in  April.  It  gnaws  its 
way  out  of  the  stubble  in  which  it  has  hibernated  and  deposits  its 
eggs  in  the  heart  of  the  young  plants  of  winter  or  volunteer  wheat 
(fig.  6),  which  must  be  near  the  place  of  emergence,  since  this  early 
generation  is  largely  wingless  (fig.  3),  and  its  effective  range  as 
measured  by  the  spread  into  an  adjoining  field  is  not  much  more 
than  12  feet.  The  food  plants  of  the  early  generation  may  be  supn 
plied  by  winter  wheat  or  by  volunteer  wheat  not  too  far  advanced 
to  attract  the  insect.  The  oviposition  is  finished  before  any  spring 
wheat  is  up,  so  that  that  crop  suflFers  no  attack  from  the  first  genera- 
tion. The  winter  and  volunteer  wheats  lend  an  essential  aid  to  the 
perpetuation  of  the  species. 

The  larva  (fig.  5),  when  it  hatches  from  the  egg,  is  surrounded  by 
the  most  delicate  tissues  of  the  plant  and  feeds  upon  them,  destroy- 
ing the  yoimg  head  and  thus  excavating  a  residence  to  accommodate 
its  rapidly  increasing  size.  The  outer,  tougher  layers,  which  it 
does  not  attack,  gradually  become  fleshy,  stiff,  and  brittle,  fornmig 
a  hollow,  bulblike  swelling  at  the  base  of  the  plant.  This  enlarge- 
ment is  discernible  from  the  outside  of  the  infested  plant,  and  its 
presence  may  be  verified  by  squeezing  the  crown  of  the  plant  be- 
tween the  fingers,  whereupon  the  bulb  at  first  firmly  resists  pressure 
and  then  breaks  open,  disclosing  the  larva.  The  infested  plant 
suffers  a  change  in  external  form,  which  causes  it  to  resemble  wheat 
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injured  by  the  Hessian  fly  and  by  Meromyza,  but  it  may  usually 
be  distinguished  from  the  former  by  the  curly  and  slightly  fleshy 
form  of  the  blades;  from  the  latter  by  the  absence  of  the  brown, 
threadlike  central  shoot,  as  well  as  the  form  of  the  blades;  and  from 
both  by  the  presence  of  the  crisp  bulb  at  the  crown.  The  lower 
blades  are  broad,  dark  bluish  green,  curly,  and  slightly  fleshy,  because 
they  arise  between  the  root  and  the  point  of  injury  and  thus  receive 
the  sap  that  is  being  diverted  by  the  larva  from  the  main  growing 
point  of  the  plant.  The  plant,  when  attacked  thus  early  at  the 
heart,  remains  low,  does  not  produce  any  head,  and  perishes  when 
the  lower  blades  of  the  plants  naturally  die,  about  the  middle  of 
June.  At  about  the  same  time  the  adults  of  the  second  genera- 
tion (fig.  4)  begin  to  emerge  from  these  plants  and  deposit  eggs 
upon  the  wheat.  These  insects,  as  were  those  of  the  first  generation, 
are  nearly  all  females,  and  they  also  reproduce  without  the  assist- 
ance of  males,  but  they  differ  from  the  earlier  form  in  being  lai^er 
and  in  possessing  wings,  which  enable  them  to  attack  fields  at  a 
distance  from  their  origin.  They  prefer  the  younger  plants,  and  as 
the  spring  wheat  is  small  at  this  time,  while  the  winter  wheat  is  old 
and  tough,  the  summer  attack  is  concentrated  upon  spring  wheat, 
if  there  be  any  in  the  vicinity.  They  attack  it  in  much  the  same 
way  that  the  spring  generation  employs  upon  the  young  winter 
wheat,  and  with  the  same  result;  the  smaller  plants  simulate  a 
luxuriant  growth,  but  remain  short  and  soon  die;  the  lai^er  ones 
may  produce  heads,  a  few  inches  above  ground,  but  such  heads 
contain  no  kernels.  Thirty  acres  of  spring  wheat  near  Colfax,  Wash., 
were  completely  ruined  in  this  manner  in  the  summer  of  1907. 

Since  spring  wheat  is  not  so  extensively  grown  as  formerly  in  this 
regioij,  the  sununer  adults  are  often  compelled  to  oviposit  in  winter 
wheat,  and  in  those  cases  the  plant  is  less  severely  injured,  because 
it  is  old  and  tough;  but  the  larva  of  the  insect  and  the  resulting 
adult  take  the  same  form  and  size  whether  they  develop  in  the  tender 
spring  wheat  or  in  the  more  mature  winter  wheat.  The  succulence 
of  the  former  does  not  cause  an  increase  in  the  size  of  the  larvae  which 
feed  upon  it,  nor  does  it  produce  a  larger  proportion  of  winged  indi- 
viduals among  the  adults.  On  the  contrary,  it  seems  that  austere 
and  unfavorable  circumstances  tend  to  increase  the  number  of  winged 
adults,  as  a  large  percentage  of  those  reared  from  stubble  collected 
at  Goldendale,  St.  Germain,  and  Waterville,  Wash.,  in  the  arid  dis- 
trict, have  wings.  The  egg  is  placed  in  a  tender  joint  near  the  head 
(fig.  8)  and  the  larva  hatches  and  gnaws  the  inner  surface  of  the 
stalk,  too  late  to  prevent  the  formation  of  the  head,  but  early  enough 
to  shorten  it  and  hinder  the  filling  of  the  kernels.  To  ascertain  the 
amount  of  this  injury  1,452  heads  taken  from  an  apparently  unin- 
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jured  field  of  winter  wheat  near  Pullman,  Wash.,  were  dried  and 
w^eighed.  Thirty-nine  per  cent  of  these  were  afterwards  found  to 
have  grown  upon  stems  damaged  by  the  strawworm,  and  the  average 
weight  of  the  heads  from  these  damaged  stems  was  22  per  cent  below 
the  average  of  healthy  heads,  although  no  difference  in  size  was 
noticeable  until  the  heads  were  placed  side  by  side,  when  it  was  found 
that  most  of  the  larger  heads  were  those  from  uninjured  plants, 
while  most  of  the  shorter  ones  were  from  infested  plants.  Between 
heads  of  the  same  size  there  was  a  difference  of  7  per  cent,  which 
could  not  be  detected  except  by  weighing. 

Both  the  work  of  the  spring  brood  in  fall  wheat  and  that  of  the 
summer  brood  in  spring  and  winter  wheat  are  so  carried  on  that  the 
owner  does  not  know  of  his  loss  unless  it  amounts  to  a  very  large  per- 
centage of  the  crop,  and  even  then  he  may  attribute  it  to  some  other 
cause.  The  presence  of  a  large  number  of  unusually  rank  and  appar- 
ently sturdy  plants  among  the  winter  wheat  does  not  seem  alarming, 
but  the  reverse;  and  there  is  no  other  indication  of  work  of  the  spring 
brood.  Later,  when  these  infested  plants  begin  to  die  they  are  con- 
cealed by  the  yellowing  blades  of  the  healthy  plants,  so  that  even  the 
trained  entomologist  can  hardly  find  them.  The  same  is  true  of  the 
spring  wheat  which  is  attacked  by  the  summer  brood,  while  winter 
wheat  plants  attacked  by  the  summer  brood  are,  as  we  have  just 
shown,  so  little  altered  in  appearance  that  the  presence  of  the  insect 
can  be  detected  only  by  weighing  the  heads  or  spUtting  the  stems  to 
look  within  for  the  larvae. 

Many  of  the  larvse  remain  in  the  stubble  if  the  grain  is  cut  with  a 
harvester,  and  most  of  them  if  it  is  cut  with  a  header.  They  begin 
to  pupate  during  the  latter  half  of  July,  but  many  remain  in  the  larval 
condition  until  May  of  the  following  year. 

The  Ufe  history  just  related  shows  that  strawworm  injury  is  in- 
duced by  gi'owing  crops  of  winter  wheat  repeatedly  upon  the  same 
ground;  by  leaving  volunteer  plants  among  the  spring  wheat;  by 
allowing  summer  fallow  to  grow  foul  with  volunteer  wheat,  even  at 
a  distance  from  wheat  fields ;  and  by  growing  spring  wheat  near  winter 
wheat.  All  of  these  cases  occur  at  times  in  the  wheat  country  which 
we  are  considering.  The  essential  conditions  in  each  of  these  cases 
are,  first,  the  presence  of  infested  stubble,  plowed  or  unplowed,  to 
furnish  the  early  adults;  second,  a  growth  of  winter  or  volunteer 
w  heat  early  in  the  spring  to  receive  the  eggs  of  the  first  generation ; 
third,  a  crop  of  winter  or,  preferably,  spring  wheat  to  receive  the  eggs 
of  the  second  brood.  The  remedy  Ues  in  avoiding  these  conditions 
by  rotation  of  crops,  clean  early  summer  fallowing,  and  the  aban- 
donment of  spring-wheat  culture.  Fall  plowing  of  the  stubble  does 
not  prevent  the  insects  from  conmig  out  and  attacking  wheat  in  the 
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spring.  Burning  the  stubble  is  impracticable,  because  the  joints 
which  contain  the  larvse  remain  sappy  during  the  fall  and  will  not 
bum.  Rotation,  to  be  effective,  must  bo  planned  with  reference  to 
the  work  of  the  insect,  since  two  adjoining  fields  which  are  in  wheat 
in  alternate  years  have  between  them  a  strip  2  rods  wide  which  always 
furnishes  ideal  conditions  for  its  spread.  The  stubble  in  one  field 
always  furnishes  insects  to  attack  the  growing  wheat  in  the  other, 
and  while  the  damage  done  by  the  wingless  first  generation  is  limited 
to  the  1-rod  strip  next  the  fence,  the  winged  second  generation 
spreads  at  will  through  the  field. 

There  is  no  reason  why  an  insect,  so  readily  held  in  check  merely 
by  careful  farm  methods,  should  cause  constant  loss  and  an  occasional 
menace  to  the  wheat  country  of  the  Northwest,  but  there  is  no  doubt 
that  it  does  so. 

Approved: 

James  Wilson, 

Secretary  of  Agriculture. 
Washington,  D.  C,  Aw^  10,  1909. 
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Circular  No.  iot.  issued  January  12.  1909. 

United  States  Department  of  Agriculture, 

BUREAU  OF  ENTOMOLOGY, 
L.  O.  HOWARD.  Bntomoloflitt  and  Chief  of  Bureau. 


WHAT  CAN  BE  DOME  IN  DESTROYING  THE  COTTON  BOLL 
WEEVIL  DURING  THE  WINTER. 

By  W.  D.  Hunter, 
In  Charge  of  Southern  Field  Crop  Insect  and  Tick  Investigations, 

IMPORTANCE  OP  WINTER   WORK. 

The  boll  weevil  attracts  greatest  attentioD  during  the  growing  season 
of  cotton,  for  the  simple  reason  that  its  damage  is  tlien  most  evident. 
When  the  infested  squares  are  falling  by  millions  every  day  the  planter 
is  driven  to  most  strenuous  efforts  to  check  the  loss.  The  summer 
season,  however,  is  the  one  in  which  it  is  most  difficult  to  combat  the 
weevil.  The  pest  can  be  attacked  in  various  ways  at  different  seasons 
of  the  year.  This  circular  attempts  to  point  out  what  can  be  done  in 
the  winter  when  the  weevils  are  in  hibernating  quarters  and  when  nat- 
ural conditions  are  assisting  the  farmer  greatly  by  reducing  the  number 
that  will  be  able  to  survive  until  spring.  At  this  time  the  farmer  can 
undoubtedly  accomplish  more  than  by  hand-picking  weevils  and  squares 
or  any  other  direct  method  of  control  that  can  be  put  into  operation  in 
the  summer  season.  A  great  advantage  that  winter  work  has  in  many 
cases  is  that  it  involves  no  special  outlay  and  consequently  adds  nothing 
to  the  cost  of  producing  cotton.  The  work  can  be  done  during  the 
quiet  period  of  the  winter  and  at  such  times  as  will  not  interfere  with 
the  general  work  of  the  plantation.  Even  on  plantations  run  largely  or 
entirely  by  ''wages  hands'*  this  work  would  undoubtedly  warrant  an 
outlay  on  the  part  of  the  planter.  As  a  matter  of  fact  the  winter  season 
could  well  be  made  the  most  active  of  the  year  as  far  as  the  destruction 
of  the  weevil  is  concerned. 

It  is  true  that  the  Texas  farmers  have  not  paid  much  attention  to 
work  against  the  weevil  in  the  winter,  but  this  does  not  by  any  means 
indicate  that  such  work  will  not  be  of  prime  importance  to  the  planters 
in  Louisiana  and  Mississippi.  Nature  has  afforded  the  Texas  farmer 
many  advantages  over  the  planter  in  the  eastern  part  of  the  cotton  belt. 
As  has  been  pointed  out  in  other  publications  of  the  Bureau  of  Ento- 
mology, the  Mississippi  Valley  planter  will  be  compelled  to  contend 
against  many  more  weevils  each  spring  than  the  climatic  conditions  in 
Texas  have  ever  permitted  to  survive.  For  instance,  in  the  spring  of 
1908  it  was  determined  by  Mr.  Wilmon  Newell,  secretary  of  the  State 
crop  pest  commissioi^  of  Louisiana,  that  as  many  as  6,000  hibernated 
weevils  per  acre  made  their  appearance  in  certain  cotton  fields  in  Avoy- 
elles Parish,  Louisiana.  This  shows  a  survival  of  weevils  far  beyond 
what  has  ever  been  found  in  Texas.  There  are  many  other  indications 
of  the  special  seriousness  of  the  weevil  problem  in  the  Mississippi  Val- 
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ley.  All  this  demonBtrates  that  the  planters  in  regions  recently  invaded 
by  the  weevil  must  resort  to  every  means  of  control  that  is  known  and 
must  utilize  to  the  fullest  extent  such  methods  as  the  Texas  farmers 
may  not  have  been  compelled  to  practice. 

The  all-important  step  in  the  control  of  the  weevil  is  the  destruction 
of  millions  of  individuals  and  the  prevention  of  the  development  of 
many  more  by  uprooting  and  burning  the  cotton  plants  in  the  fall. 
This  is  a  step  that  indications  show  clearly  is  going  to  be  indispensable 
in  the  Mississippi  Valley.  In  the  light  of  what  is  now  known  it  would 
be  folly  for  planters  to  attempt  to  produce  cotton  unless  they  follow 
this  practice  religiously.  If,  for  any  reason,  the  cotton  plants  have  not 
been  removed  in  the  fall,  some  good  can  be  accomplished  by  their 
removal  later  in  the  season.  The  proper  thing  to  be  done  by  the 
planter  who  desires  to  reduce  weevil  damage  to  the  minimum  is  to 
combine  the  fall  destruction  of  the  plants  with  such  measures,  to  be 
taken  later  in  the  season,  as  are  outlined  in  this  circular.  The  advice 
now  given  is  not  to  depend  upon  winter  work  altogether  for  the  control 
of  the  weevil.  The  winter  work  is  merely  a  second  step^  to  be  taken  in 
connection  ivith  the  destruction  of  the  weevils  and  the  prevention  of  the 
maturity  of  the  fall  broods  by  uprooting  and  burning  the  plants.  Where 
that  step  has  not  been  taken,  the  work  outlined  in  this  circular  is  the 
main  dependence  of  the  planters  at  this  time, 

WHERE  WEEVII^  ARE  TO  BE  POUND  DURING  THE  WINTER. 

The  whole  question  of  what  can  be  done  to  destroy  the  weevils  in 
the  winter  depends  upon  where  they  are  to  be  found.  The  Bureau  of 
Entomology  has  taken  pains  to  determine  the  localities  in  which  the 
weevils  secrete  themselves  during  the  winter  months.  Some  weevils 
fly  outside  of  the  cotton  fields  into  the  timber  before  frost  has  killed  the 
cotton.  Of  course,  such  individuals  as  fly  great  distances  from  the 
cotton  fields,  or  into  heavy  timber,  are  entirely  beyond  the  reach  of  the 
planter.  The  remainder  of  the  weevils,  however — those  remaining  in 
and  about  the  cotton  fields — are  more  or  less  at  the  mercy  of  the 
planter  for  several  months  during  the  winter. 

In  cotton  fields  and  in  their  immediate  vicinity  weevils  have  been 
found  hibernating  in  four  principal  situations:  First,  in  burrs  and  un- 
opened bolls  on  the  plants ;  second,  in  bolls  or  portions  of  bolls  that 
have  been  knocked  to  the  ground ;  third,  under  such  trash  as  leaves 
and  grass  abounding  in  most  cotton  fields ;  fourth,  in  the  cracks  in  the 
ground  caused  by  drying. 

The  numbers  of  weevils  found  in  the  situations  just  mentioned  show 
clearly  what  opportunities  the  farmer  has  for  their  destruction.  On 
January  16,  1907,  a  field  near  Wolfe  City,  Tex.,  showed  from  363  to 
1,500  live  weevils  per  acre  in  the  burrs  still  hanging  to  the  plants. 
These  were  generally  in  the  partly  opened  locks  where  weevils  had 
matured  in  the  fall,  but  some  were  in  locks  from  which  all  of  the  cotton 
had  been  removed.  On  January  27,  1907,  as  many  as  2,250  weevils 
per  acre  were  found  on  the  ground  in  a  cotton  ^eld  near  Dallas,  Tex. 
The  number  was  determined  by  raking  all  of  the  trash  carefully  from  a 
square  rod  of  ground  and  examining  it  in  the  laboratory.  On  Decem- 
ber 18  living  weevils  at  the  rate  of  1,056  per  acre  were  found  at  Dallas. 
On  January  16  320  living  weevils  per  acre  were  found  in  burrs  and 
under  leaves  and  grass  in  a  cotton  field  at  Victoria,  Tex.    On  Novem- 
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ber  15  4  weevils  were  found  in  the  cracks  around  the  bases  of  22 
cotton  plants  growing  near  Dallas.  This  indicates  a  total  number  of 
weevils  per  acre  in  such  situations  in  this  field  of  1,090. 

Practically  all  of  the  weevils  to  be  found  in  the  situations  described 
can  be  killed  by  raking  and  burning  the  trash,  except  those  in  cracks 
in  the  ground,  and  these,  in  the  majority  of  cases,  would  probably  be 
crushed  by  winter  plowing  of  the  fields. 

PLOWING  NOT  EFFECTIVE. 

The  point  may  be  raised  that  winter  plowing,  by  burying  the  weevils 
found  in  trash  on  the  surface,  might  have  the  same  effect  as  burning. 
On  the  contrary,  experiments  have  shown  that  weevils  can  easily  make 
their  way  through  several  inches  of  soil.  Consequently  such  work  in 
general  is  as  likely  to  protect  as  to  destroy  the  weevils.  Of  course,  if 
heavy  rains  should  follow  immediately  after  plowing,  it  is  possible  that 
some  soils  would  be  so  compacted  as  to  prevent  the  emergence  of 
weevils.  Nevertheless,  this  could  not  happen  under  usual  conditions. 
In  the  case  of  weevils  in  cracks,  destruction  would  not  result  from 
burial  but  from  crushing. 

What  has  just  been  stated  should  not  be  taken  to  mean  that  winter 
plowing  should  not  be  followed.  As  a  matter  of  fact,  the  winter  work- 
ing of  the  fields  should  be  practiced,  not  only  on  general  principles,  but 
to  assist  in  procuring  an  early  crop.  The  present  purpose  is  merely  to 
point  out  how  to  destroy  the  boll  weevil  in  the  winter.  Regardless  of 
its  other  benefits,  winter  plowing  can  not  be  depended  upon  to  actually 
kill  many  weevils. 

WEEVILS  THAT   CAN   BE   REACHED   OUTSIDE   OF  COTTON   FIELDS. 

In  addition  to  those  in  the  cotton  fields  themselves,  many  weevils 
can  be  reached  that  have  found  winter  quarters  along  turn-rows,  in 
ditches,  along  fences,  and  in  the  trash  that  is  frequently  allowed  to 
accumulate  around  seed  houses.  Fire  is  again  the  agent  of  destruction 
at  the  command  of  the  farmer.  Careful  burning  of  turn-rows  and  ditches 
and  cleaning  of  fence  comers  and  similar  situations  will  result  in  the 
death  of  many  weevils  that  might  survive  to  damage  the  crop  of  the 
following  season. 

The  work  of  burning  and  cleaning  the  plantation  should  not  stop 
with  the  immediate  vicinity  of  cotton  fields.  Many  weevils  fly  into 
com  fields,  where  they  find  suitable  quarters  for  passing  the  winter. 
These  fields,  on  a  cotton  plantation,  should  be  cleaned  during  the  win- 
ter as  thoroughly  as  the  fields  where  cotton  has  been  growing  or  is  to  be 
grown  during  the  next  season.  It  has  been  found  that  sorghum  fields 
furnish  exceptionally  favorable  opportunities  for  hibernating  weevils. 
The  heavy  stubble  left  by  this  crop  catches  grass  and  general  debris 
blown  about  by  the  wind,  which  then  becomes  heavily  matted.  Here 
many  weevils  are  to  be  found  during  the  winter.  In  many  cases  in 
Texas  the  earliest  appearing  weevils  and  the  greatest  damage  to  the 
crop  have  been  shown  to  be  chargeable  to  neighboring  sorghum  fields 
which  have  served  as  winter  quarters  for  the  pest. 

Many  weevils  undoubtedly  find  hibernating  quarters  in  trash  along 
railroad  rights  of  way  as  well  as  along  wagon  roads.  The  importance 
of  such  means  furnished  the  weevil  for  passing  the  winter  becomes  great 
where,  as  in  many  cases,  the  roads  or  railroads  pass  through  Jocalities 
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where  cotton  fields  adjoin  the  public  property.  It  should  be  the  duty 
of  railroad  and  county  authorities  in  such  cases  to  assist  the  farmers  as 
far  as  practicable  by  removing  the  shelter  for  the  weevil. 

WEEVILS  IN  COTTON  SEED. 

Cotton  seed  has  frequently  been  supposed  to  furnish  exceptionally 
favorable  winter  quarters  for  the  weevil.  It  has  been  shown  that  many 
weevils  pass  through  the  gins  and  are  later  to  be  found  in  the  bulk  cot- 
ton seed  in  storage.  Up  to  a  certain  time  in  the  winter  cotton  seed  is 
very  likely  to  contain  live  weevils.  Many  experiments,  however,  have 
shown  that  very  few  are  able  to  survive  in  this  medium  until  spring. 
This  seems  to  be  due  principally  to  the  absence  of  moisture.  Repeat- 
edly numbers  of  weevils  have  been  placed  in  cotton  seed  in  the  fall. 
Altogether  6,600  weevils  have  been  used  in  these  experiments.  They 
were  placed  under  a  variety  of  conditions.  Although  many  have  sur- 
vived until  the  middle  of  winter,  only  two  lived  until  the  first  of  April. 
It  is  therefore  clear  that  cotton  seed  itself  is  not  an  especially  dangerous 
commodity.  Although  it  is  true  that  the  earliest  weevils  frequently 
make  their  appearance  in  the  vicinity  of  seed  houses,  this  is  to  be 
accounted  for  by  the  fact  that  the  insects  find  quarters  under  the  build- 
ing and  under  the  trash  that  is  allowed  to  accumulate  in  such  situations 
rather  than  in  the  cotton  seed  itself. 

CONCLUSION. 

The  climatic  and  labor  conditions  surrounding  cotton  production  in 
Louisiana  and  Mississippi  leave  no  doubt  that  the  planters  in  those 
States  must  not  overlook  any  important  means  of  controlling  the  boll 
weevil.  TJiis  circular  points  out  one  important  and  inexpensive  means 
that  can  be  practiced  by  every  planter.  It  is  of  special  importance  in 
the  humid  regions  recently  invaded  where  fears  of  disaster  are  now 
commonly  entertained.  The  Department  of  Agriculture  urges  that 
cotton  raisers  take  advantage  of  the  enemy  while  they  have  the  oppor- 
tunity and  by  the  means  herein  described  greatly  increase  the  chances 
for  producing  a  crop  the  coming  season. 

,    Approved: 

James  Wilson, 

Secretary  of  Agriculture. 

Washington,  D.  C,  December  19,  1908. 
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Issued  February  11,  1900. 


United  States  Department  of  Agriculture, 

BUREAU  OF  ENTOMOLOGY. 

L.  O.  HOWARD,  Entomologist  and  Chief  of  Bureau. 


HOUSE  FLEAS. 

By  L.  O.  HowABD. 

Judging  from  the  specimens  of  fleas  sent  to  the  Bureau  of  Ento- 
mology of  recent  years  with  complaints  of  houses  being  infested  by 
them,  the  human  flea  {Pulex  irritahs  L.)  is  not  the  species  most  likely 


Fio.  1. — Cat  and  dog  flea  (Ctenocephalus  canis)  :  a.  Egg;  h,  larra  in  cocoon ;  c,  pupa;  d, 
adult ;  e,  mouth-parts  of  same  from  side ;  f,  antenna ;  g,  labium  from  below,  h,  c,  d. 
Much  enlarged;  a,  e,  f,  g,  more  enlarged.     (Author's  illustration,  redrawn.) 

to  occur  in  great  numbers  in  dwelling  houses  in  this  country,  but 
rather  the  common,  cosmopolitan  flea  of  the  dog  and  cat  {Cteiio- 
cephalus   canis   Curtis)  .^^     This   holds   especially    for   the    eastern 

<>In  the  earlier  publications  of  this  office,  Bulletin  4  and  Circular  13,  this 
speeiefl  has  been  referred  to  under  the  name  Pulex  serraticcps  Gerv. 
68200—09 
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United  States.  Pulex  irritans  is  sometimes  found  in  houses  in 
California,  and  is  the  prevailing  household  flea  of  Europe.  A  house 
may  become  infested  with  the  cat  and  dog  flea  even  though  no 
domestic  animals  be  kept,  for  a  visitor  at  a  house  where  such  pets 
are  maintained  may  be  the  means  of  carrying  home  with  him  one  or 
two  female  fleas  which  will  stock  his  own  premises.  Of  course,  where 
a  pet  dog  or  cat  is  kept,  the  source  of  the  infestation  is  manifest. 

The  worst  cases  of  infestation  reported  to  this  Bureau  have  usually 
been  those  in  which  houses  had  been  temporarily  unoccupied  during 
the  summer.  Such  houses  during  a  rainy  summer  become  more  or 
less  damp,  and  as  a  rule  the  customary  sweeping  of  the  floors  is  inter- 
rupted, thus  furnishing  the  very  conditions  under  which,  as  we  shall 
see,  fleas  most  readily  propagate. 

The  eggs  (fig.  1,  a)  of  Ctenocephalus  cants  are  deposited  anfong  the 
hairs  of  cats  and  dogs,  but  as  they  are  not  attached  to  the  hairs,, 
numbers  drop  off  whenever  the  infested  animal  moves  or  lies  down. 
From  these  eggs  hatch  the  larvcc  (fig.  2,  a),  which  are  slender^ 
minute,  white,  wormlike  creatures.  They  are  very  active,  crawl  rapidly > 
penetrate  into  the  cracks  of  the  floor,  and  live  there  until  full  grown, 
feeding  upon  such  organic  matter  as  may  have  collected  in  the 
cracks.  They  develop  rapidly,  and  in  midsummer  in  Washington 
reach  full  growth  in  a  short  time.  On  reaching  full  growth  the 
larva  spins  a  delicate,  white,  silken  cocoon  (fig.  1,  6),  and  transforms 
to  pupa  (fig.  1,  c),  the  adults  (fig.  1,  d)  issuing  a  few  days  later. 
A  whole  generation  may  develop  in  the  course  of  a  fortnight  in  warm,, 
damp  weather,  but  a  great  excess  of  moisture  results*  ip  the  destruc- 
tion of  the  larvae.  With  this  rapid  development  under  the  most 
favorable  conditions,  a  housekeeper,  shutting  up  her  house  in  June,, 
for  example,  with  a  colony  of  fleas  too  small  to  be  noticed  inside  the 
house,  should  not  be  surprised  to  find  the  establishment  ov^mm  with 
fleas  when  she  opens  it  again  in  September  or  October. 

REMEDIES. 

If  you  do  not  desire  to  be  troubled  by  fleas,  do  not  keep  cats  or  dogs. 
If  you  must  keep  a  pet  dog  or  cat,  provide  a  rug  for  the  animal  to 
sleep  on,  and  give  this  rug  a  frequent  shaking  and  brushing,  after- 
wards sweeping  up  and  burning  the  dust  thus  removed.  As  all  the 
flea  eggs  on  an  infested  animal  will  not,  however,  drop  off  in  this  way^ 
and  as  those  which  remain  on  it  will  probably  develop  successfully, 
it  will  be  found  wise  to  occasionally  rub  into  the  hair  of  the  dog  or 
cat  a  quantity  of  pyrethrum  powder.  If  thoroughly  applied,  this 
powder  will  cause  the  fleas  to  fall  off  in  a  lialf  stupefied  condition, 
when  they,  too,  may  be  swept  up  and  burned. 

The  larvae  of  the  dog  and  cat  flea  will  not  develop  successfully  in 
situations  where  they  are  likely  to  be  disturbed.    The  use  of  carpets 

[Clr.  108]  •  Digitized  by  GoOglC 


and  straw  mattings,  in  the  writer's  opinion,  favors  their  development, 
since  the  young  larvae  can  penetrate  the  interstices  of  either  sort  of 
floor-covering  and  find  an  abiding  place  in  some  crack  where  they  are 
not  likely  to  be  disturbed.  It  is  comparatively  easy  to  destroy  the 
insect  in  its  early  stages  (when  it  is  noticed),  but  the  adult  fleas  are 
so  active  and  so  hardy  that  they  successfully  resist  any  but  the  most 
strenuous  measures.  Even  the  persistent  Use  of  California  buhach 
and  other  pyrethrum  powders  was  ineffectual  in  one  case  of  extreme 
infestation,  as  was  also,  and  more  remarkably,  a  free  sprinkling  of 
floor  mattings  with  benzine.  In  this  instance  it  was  finally  necessarj' 
to  take  up  the  floor-coverings  and  wash  the  floors  down  with  hot 
soapsuds  in  order  to  secure  relief  from  the  flea  plague.  In  another 
case,  however,  a  single  liberal  application  of  buhach  was  perfectly 
successful,  while  in  a  third  a  single  thorough  application  of  benzine 
completely  rid  an  infested  house  of  fleas. 

In  bad  cases  almost  nothing  will  avail  without  the  greatest  care  in 
keeping  the  floor  and  other  coverings,  as  well  as  crevices,  etc.,  free 
from  dust  and  dirt.  The  old  remedy  often  mentioned  of  putting  a 
piece  of  raw  meat  upon  a  sheet  of  sticky  fly  paper,  in  the  hope  that 
the  fleas  will  jump  for  the  meat  and  be  caught  by  the  fly  paper,  has 
been  thoroughly  tried  by  the  writer  without  success.  Where  there  are 
comparatively  few  fleas  in  a  house  or  in  a  given  room,  the  following 
somewhat  laborious  plan  will  result  in  eradication.  Place  a  white 
cloth,  like  a  pillowcase,  in  the  middle  of  the  floor.  The  fleas,  attracted 
by  the  white  color,  will  jump  on  the  cloth.  Then,  with  a  basin  of 
water,  kneel  down  and  with  the  wetted  forefinger  pick  up  the  fleas 
one  after  another  and  put  them  in  the  water.  The  writer  has  known 
several  houses  in  Washington  to  be  rid  of  rather  sparse  populations 
of  fleas  in  this  manner. 

Mr.  E.  M.  Ehrhorn,  of  Sari  Francisco,  gives  the  following  remedy, 
which  he  states  he  has  tested  and  which  his  mother  used  with  effect 
in  South  America.  Fill  a  glass  three-fourths  with  water,  on  top 
of  which  pour  about  an  inch  of  olive  oil,  then  place  a  night  float  (a 
little  wick  inserted  in  a  cardboard  disk  or  in  a  cork  disk)  in  the 
center  of  the  oil.  Place  the  tumbler  in  the  center  of  a  soup  plate 
filled  with  strong  soapsuds.  The  wick  should  be  lighted  at  night  on 
retiring,  or  may  be  used  in  any  dark  room.  As  the  soup-plate-soap- 
suds trap  is  placed  on  the  floor  of  the  room  it  does  not  interfere  with 
the  sleeper,  and  the  fleas  which  are  on  the  floor  are  attracted  to  the 
light.  For  outbuildings,  such  as  bams,  etc.,  a  large  milk  pan  may 
be  used,  and  instead  of  using  olive  oil  and  a  glass,  a  stable  lantern 
may  be  placed  in  the  center  of  the  pan,  while  instead  of  soapsuds  a 
scum  of  kerosene  may  be  put  on  the  water  in  the  milk  pan. 
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To  sum  up :  Every  house  where  a  pet  dog  or  cat  is  kept  may  be- 
come seriously  infested  with  fleas  if  the  proper  conditions  of  moisture 
and  freedom  from  disturbance  exist.  Infestation,  however,  is  not 
likely  to  occur  if  the  (bare)  floors  can  be  frequently  and  thoroughly 
swept.    When  an  outbreak  of  fleas  comes,  however,  ttie  easiest  remedy 

to  apply  is  a  free  sprin- 
kling of  pyrethrum  pow- 
der in  the  infested  rooms. 
This  failing,  benzine  may 
be  tried,  a  thorough  spray- 
ing of  carpets  and  floors 
being  undertaken,  with 
the  exercise  of  due  pre- 
caution in  seeing  that  no 
lights  or  fires  are  in  the 
house  at  the  time  of  the 
application,  or  for  some 
hours  afterwards.  Final- 
ly, if  the  plague  is  not 
thus  abated,  all  floor  cov- 
erings must  be  removed 
and  the  floors  washed  with  hot  soapsuds.  This  is  a  useful  precaution 
in  any  house  which  it  is  proposed  to  close  for  the  summer,  since  even 
a  thorough  sweeping  may  leave  behind  some  few  flea  eggs  from  which 
an  all-pervading  swarm  may  develop  before  the  house  is  reopened. 

Approved : 

James  Wilson, 

Secretary  of  Agriculture, 

Washington,  D.  C,  December  29, 1908. 
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Fia.  2. — Cat  and  dog  flea  (Ctenocephalus  canis)  :  a. 
Larva ;  h,  head  of  same ;  c,  anal  end  of  same,  a. 
Much  enlarged;  h,  c,  more  enlarged.  (Author's 
illustration,  redrawn.) 
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United  States  Department  of  Agriculture, 

BUREAU   OF   ENTOMOLOGY, 
L.  O.  HOWARD,  Bntomolofflst  and  Chief  of  Bureau. 


THE  LEOPARD  MOTH. 

(Zemera  pyrina  Fab.) a 

By  L.  O.  Howard  and  F.  H.  Chtitbndbn. 

INTRODUCTOEY. 

Deciduous  trees  of  many  kinds,  grown  for  shade  and  for  ornament 
in  northern  New  Jersey  and  eastern  New  York,  are  subject  to  severe 
injury  by  the  larval  stage  of  the  European  leopard  moth  {Zeuzera 
pyrina  Fab.).  Among  the  shade  trees,  elms  and  maples  suffer  the 
greatest  damage,  but  as  this  species  is  a  very  general  feeder  it  attacks 
practically  all  descriptions  of  trees  and  shrubs  with  the  exception  of  the 
evergreens.  In  the  r^ion  mentioned  this  species  is,  everything  con- 
sidered, the  most  serious  menace  to  the  growth  of  shade  trees,  since, 
unlike  the  majority  of  lepidopterous  insects,  the  larvae  of  the  leopard 
moth  do  not  feed  upon  the  foliage,  but  bore  into  the  branches  of  the 
plants  which  they  infest  and  feed  upon  the  living  wood.  The  larvae 
usually  begin  operations  in  twigs  and  small  branches  and  with  their 
larger  growth  bore  and  timnel  into  the  larger  branches  and  trunks. 
This  work  has  the  effect  of  girdling,  the  injured  portions  being  blown 
down  by  heavy  wind  storms,  while  in  the  case  of  severe  attack  the 
growth  of  the  tree  is  checked,  frequently  causing  its  death.  Attack  is 
not  confined  solely  to  shade  and  ornamental  plants,  but  orchards  are 
often  injured. 

DESCRIPTIVE. 

Injury  by  this  s{>ecies  is  accomplished  solely  by  the  larva,  which  is 
a  fleshy,  grublike  caterpillar,  pale  yellowish  in  color,  frequently  with 
a  pinkish  tinge.  The  head,  thorax,  and  anal  plates  are  brownish- 
black  and  the  surface  of  the  body  is  very  sparsely  hairy  but  covered 

o  Family  Coaeidse.    Synonyms:  Zeuzera  suculi  L.,  Z.  decipiena  Kby.,  etc. 
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with  lai^e  and  promiBent  tubercles  arranged  as  shown  in  the 
illustration  (fig.  1,  r).  When  fully  mature  the  larva  attains  a  total 
length  of  about  2  inches.  A  lateral  view  of  the  larva  in  its  burrow 
is  shown  in  figure  1  at  c. 

This  species  derives  its  name  from  the  spotted  appearance  of  the 
moth,  illustrated  at  figure  1,  a,  6.  There  is  great  diversity  in  the 
size  of  the  two  sexes,  the  female  (a),  which  is  a  heavy-bodied  moth 
and  a  very  feeble  flyer,  being  much  the  larger.  It  will  be  noticed  that 
the  smaller  male  (&)  has  a  more  slender  body,  which  permits  a  more 
ready  flight,  and  is  also  distinguished  from  the  female  by  the  pos- 


FiQ.  1.— The  leopard  moth  {Zeutera  pyrina):  a,  Adult  female;  6,  adult  male;  c,  larva;  tf, empty  pupal 

case.    Enlarged.    (Original.) 

session  of  broad  bipectinate  or  feathery  antennae.  The  wings  are 
semitransparent  and  white,  thickly  dotted  with  blackish  spots 
which  are  more  or  less  distinctly  tinged,  giving  them  a  dark  blue  or 
greenish  cast.  The  thorax  is  marked  with  six  large  black  spots  and 
one  small  one,  the  latter  being  located  in  the  center.  The  female  has 
a  wing  expanse  of  upwards  of  one  and  a  half  inches,  while  that  of  the 
male  is  much  less. 

An  empty  pupa-case  in  its  cell  in  the  wood  is  shown  in  the  illustra- 
tion at  d. 
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ORIGINAL  HOME   AND   DISTRIBUTION. 

The  leopard  moth,  like  so  many  other  dangerous  pests,  is  a  European 
species  which  has  been  introduced  into  the  United  States  in  com- 
paratively recent  years.  Its  old  world  distribution  is  credited  as 
central  and  southern  Europe,  southern  Sweden,  southwestern  Africa, 
Algeria,  and  northern  Morocco,  and  the  western  portion  of  Asia  Minor. 

This  species  was  introduced  into  the  United  States  some  time 
prior  to  1879,  in  which  year,  on  the  authority  of  Mr.  Jacob  Doll,  a 
living  moth  was  captured  in  a  spider's  web  at  Hoboken,  N.  J.^  In 
1884  Dr.  E.  B.  Southwick,  then  entomologist  of  the  public  parks  of 
New  York  City,  recognized  the  destructive  work  of  this  species  in 
Central  Park.*  In  1887  it  was  seen  at  Newark,  N.  J.,  but  was  not 
actually  recorded  as  occurring  in  this  country  until  the  following 
year.  In  1890  the  junior  author  observed  the  moths  at  electric  lights 
at  Orange,  N.  J. 

Fortimately  the  spread  of  this  insect,  particularly  in  the  immediate 
vicinity  of  New  York  City,  has  been  very  slow,  a  fact  which  may  be 
attributed  to  several  causes,  (1)  the  slowness  of  the  flight  of  the 
female,  (2)  the  dominance  of  sparrows  in*  large  cities,  causing  our 
native  birds,  such  as  woodpeckers,  to  be  driven  to  the  country,  where 
they  destroy  the  moths,  and  (3)  the  bowl-shaped  electric-light  globes, 
hollow  at  the  top  and  closed  at  the  bottom,  which  were  formeriy  in 
general  use  in  our  large  cities.  The  males  are  strongly  attracted  to 
brilliant  lights  and  many  were  captured  and  perished  in  these  globes 
in  eariier  years.  Other  cities  in  New  Jersey  where  this  species  has 
been  troublesome  are  Elizabeth,  Irvington,  Montclair,  Arlington, 
Asbury  Park,  Ocean  Grove,  and  New  Brunswick.  Mr.  H.  M.  Russell 
of  this  Bureau  collected  specimens  at  Bridgeport,  Conn.,  in  1901. 
The  species  is  now  an  inhabitant  also  of  Staten  Island  and  has  spread 
on  Long  Island  well  beyond  the  confines  of  greater  New  York.  South- 
ward it  was  reported  a  pest,  in  1901,  at  Ocean  Grove,  N.  J.,  and  by 
1905  it  was  recorded  by  Felt  as  occurring  at  Kensico,  N.  Y.,  25  miles 
north  of  New  York  City.  By  1907  it  was  captured  at  New  Haven, 
Conn.,  by  Prof.  H.  W.  Foote.  It  is  now  stated  to  be  injurious  in  the 
vicinity  of  Boston,  Mass. 

FOOD   PLANTS. 

In  its  original  home  the  leopard  moth  is  recorded  as  living  on  a 
considerable  number  of  common  trees,  including  elm,  lime  or  linden, 
ash,  beech,  birch,  walnut,  oak,  chestnut,  poplar,  alder,  and,  rarely, 
horse-chestnut.  Among  orchard  trees  it  is  reported  to  do  injury  to 
pear,  apple,  and  plum.    In  the  United  States  it  attacks  all  of  these 

o  Entomological  News,  March,  1904,  p.  110.  &  Insect  Life,  Vol.  VII^p.  138.  ^ 
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trees  and  many  others,  the  list  including  such  important  shade  trees 
as  have  been  mentioned,  as  also  practically  all  of  the  maples,  elms, 
and  oaks,  mountain  ash,  tulip  tree  {Liriodendron  tulipifera),  aspen, 
the  willows,  and  such  shrubs  as  privet,  lilac,  and  honeysuckle.  A 
list  of  trees  which  this  species  has  been  actually  observed  to  attack 
was  compiled  in  1894  by  Doctor  Southwick  and  includes  77,  observed 
in  the  public  parks  of  New  York  City  alone.  A  total  list  of  83  trees 
and  shrubs  was  made  at  that  time.^ 

It  will  be  seen  by  the  list  of  food  plants  already  presented  that 
the  number  could  be  almost  indefinitely  extended,  particularly  in 
reservations  like  Central  Park,  New  York  City,  and  Prospect  Park, 
in  Brooklyn,  where  special  effort  has  been  made  to  bring  together  a 

great  variety  of  trees  and  shrubs.  The  in- 
sect is,  in  fact,  nearly  omnivorous,  attack- 
ing, as  previously  stated,  practically  aU 
forms  of  woody  plants  which  are  of  suitable 
size  for  its  purpose,  with  the  exception  of 
conifers. 

HABrrS   AND   LIFE   HISTORY. 

In  Germany  the  moths  are  stated  to 
make  their  appearance  during  July  and 
August,  while  in  this  country  they  appear 
as  early  as  May  and  continue  issuing  imtil 
late  in  September. 

The  gravid  female,  being  particularly 
heavy,  is  unable  to  fly  very  far  or  very 
high.  She  deposits  her  oval,  salmon-col- 
ored eggs  in  a  large  mass  or  group,  when 
not  in  confinement,  and  as  many  as  300 
eggs  have  been  counted  in  a  single  mass. 
This  is,  however,  probably  not  the  maxi- 
mxun  number,  since  an  estimate  of  as  many 
as  1,000  has  been  made.  The  eggs  are  in- 
troduced by  the  rather  hard  ovipositor  into  the  soft  tissue  of  yoimg 
growth  where  the  bark  is  smooth,  or  are  inserted  into  crevices  in  the 
rough  bark  of  older  trees. 

The  larvfiB  soon  hatch — in  about  ten  days,  according  to  Mr.  J. 
V.  D.  Walker — and  penetrate  the  wood,  frequently  entering  the 
nearest  crotch  but  boring  in  at  other  points,  and  burrow  timnels  into 
the  heart  or  pith  of  twigs  and  the  heartwood  of  the  larger  branches 
or  trunks.  When  a  larva  has  grown  too  large  for  the  branch  in  which 
it  is  feeding  it  crawls  out  and  migrates  to  a  larger  one.    In  a  single 

oSee  list  on  page  529,  Rep.  Ent.  N.  J.  Agr.  Exp.  Sta.  for  1894.    This  article,  by 
Dr.  J.  B .  Smith,  covers  pages  517-533  and  presents  a  very  complete  account  of  the  insect. 
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Fig.  2.— Section  of  wood  showing  bur- 
row and  girdling  effect  produced  by 
larva  of  leopard  moth.  Reduced. 
(From  Insect  Life.) 


tree  6  inches  in  diameter  Southwick  observed  as  many  as  six  larv8B, 
any  one  of  which  would  have  been  able  to  destroy  the  tree  if  not  re- 
moved. Mr.  A.  Hufnal  wrote  that  in  maple  trees  which  this  species 
was  infesting  at  Ocean  Grove,  N.  J.,  there  was  an  average  of  from 
six  to  eight  borers  to  a  tree  and  that  he  had  found  from  ten  to  fifteen, 
and  in  one  instance  as  high  as  thirty-four,  in  a  single  tree.  By  the 
time  the  larvse  within  have  attained  full  growth  infested  limbs  of  a 
certain  size  are  likely  to  break  off,  especially  during  or  after  a  severe 
storm,  for  the  full-grown  larva  in  many  cases  girdles  the  branch. 
The  manner  of  girdling  is  shown  at  the  top  of  the  section  of  wood 
illustrated  in  figure  2.  In  1893,  after  every  storm  in  Central  Park 
great  quantities  of  limbs  were  seen,  some  entirely  broken  off  and 
others  still  hanging  to  the  trees. 

The  larva,  when  fully  mature,  transforms  to  pupa  within  the 
burrow,  the  change  beginning  to  occur  during  the  second  May  after 
the  hatching  of  the  eggs,  the  larva  thus  requiring  nearly  two  years 
to  complete  its  growth.  The  pupa,  by  means  of  a  sharp  protuber- 
ance on  its  head,  is  enabled  to  force  its  way  partly  out  of  the  burrow, 
after  which  the  skin  splits  open  and  the  moth  emerges.  The  empty 
pupal  skin  remains  for  some  time  projecting  from  the  orifice. 

The  presence  of  this  borer  in  a  branch  is  manifested  by  little 
accumulations  of  chips,  matted  excrement,  or  frass,  which  indicate 
the  entrance  to  the  burrows.  After  a  time  these  orifices  are  closed 
from  within  by  a  silken  web,  which  is  doubtless  to  protect  the  con- 
tained insect  from  its  natural  enemies.  Smaller  twigs  wilt  and 
break  off  and  often  it  is  only  when  the  severed  twigs  or  branches 
have  been  brought  down  in  numbers  by  high  winds  that  the  work 
of  the  insect  is  first  recognized.  Where  the  larger  larv8B  have 
worked  just  under  the  bark  this  splits  open  the  next  season,  leaving 
an  ugly  scar  as  a  reminder  of  its  pernicious  operations. 

NATURAL  CHECKS. 

No  specific  natural  enemies  of  the  leopard  moth  appear  to  have 
been  recorded  in  this  country,  although  in  Europe  E.  A.  Fitch  has 
reared  an  indeterminate  chalcidid  of  the  subfamily  EncyrtinfiB.^ 

In  the  explanation  of  the  cause  of  the  slow  spread  of  the  moth 
from  cities  and  large  towns  to  the  coimtry,  allusion  has  been  made 
to  the  fact  that  native  birds  probably  assist  in  holding  this  insect 
in  check  in  the  suburbs.  Actual  observations  on  this  head  appear 
to  be  wanting,  but  there  are  the  best  of  reasons  for  believing  that 
birds,  like  the  woodpeckers,  which  naturally  look  over  the  bark 
and  collect  all  kinds  of  borers,  prey  on  this  species,  while  it  is  believed 

«  Entom.  Mo.  Mag.,  Vol.  XVIII,  p.  116.  Perhaps  Copidoaoma  truncatellum  Dalm., 
mentioned  by  Dalla  Torre  (not  Mayr),  Catalogus  Hymenopterorum,  p.  246. 
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that  sparrows  sometimes  destroy  the  eggs  or  yomig  larv»  in  such 
places.  Smith  has  expressed  the  belief  that  when  the  insect  suc- 
ceeds in  getting  away  from  the  outskirts  of  cities  its  enemies  increase 
in  number,  many  insectivorous  birds  aiding  in  holding  it  down. 
During  the  day  the  moths  must  be  fed  upon  by  birds  and  later 
by  bats  and  night-flying  birds.  The  habit  of  the  larv»  of  desert- 
ing one  twig  and  migrating  to  a  larger  one  undoubtedly  leaves  them 
exposed  to  the  same  natural  enemies,  as  this  has  been  observed  to 
happen  in  the  daytime  as  well  as  after  nightfall.  It  follows  that  the 
protection  of  native  birds,  especially  the  woodpeckers  and  related 
species,  will  greatly  assist  in  restraining  the  undue  increase  of  this 
borer. 

METHODS   OF   CONTROL. 

The  protected  and  concealed  manner  of  life  of  this  species,  as 
shown  by  the  life  history,  which  will  apply  in  the  main  to  other 
borers  also,  renders  it  very  difficult  of  treatment  by  means  of  insect- 
icides or  other  direct  measures.  The  most  efficacious  remedial  meas- 
ure consists  in  cutting  off  and  destroying  affected  branches  and 
in  the  injection  of  bisulphid  of  carbon  into  the  holes  or  burrows 
where  the  larvae  are  at  work. 

Pruning  and  cutting  back. — Twigs  or  branches  which,  by  their 
wilting  or  by  the  frass  which  accumulates  at  the  entrance  to  their 
burrows,  indicate  the  presence  of  this  borer,  should  be  carefully 
searched  out,  the  smaller  ones  pnmed  away  and  the  larger  ones 
cut  back,  the  amputated  portions  being  promptly  burned.  After 
windstorms,  the  affected  branches  which  have  fallen  to  the  groimd 
and  those  which  remain  attached  to  the  tree  should  be  collected  and 
burned.  Wherever  trees  show  that  they  are  past  recovery  it  is  best 
to  take  them  out  and  promptly  destroy  them.  The  word  promptly 
is  used  advisedly,  for  this  insect,  as  has  been  shown  previously,  fre- 
quently migrates  from  one  twig  or  branch  to  another. 

Bisulphid  of  carbon. — In  the  case  of  young  and  rare  trees  and 
others  which  show  only  a  few  larval  burrows  in  the  bark,  bisulphid 
of  carbon  is  the  best  remedy  and  one  which  has  been  in  general  use 
against  the  present  species  in  the  public  parks  of  New  York  City.  It 
is  injected  into  the  openings  of  the  burrows,  and  the  openings  are 
afterwards  closed  with  various  substances.  For  this  injection  a 
mechanic's  long-spouted  oil  can  of  small  size  may  be  used  on  large 
trees,  but  against  a  related  species  the  writers  have  made  very  good 
use  of  a  small  glass  syringe,  such  as  may  be  purchased  at  any  drug 
store  for  ten  cents.  These  glass  syringes  are  most  serviceable,  be- 
cause the  exact  amount  of  bisulphid  may  be  seen  when  drawn  into 
the  syringe  and  because  the  reagent  does  not  injure  the  thread  pack- 
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ing.<*  Metal  syringes  may  also  be  used,  but  it  is  more  difficult  to 
measure  the  exact  amount  and  the  bisulphid  acts  on  the  leather 
packing.  Rubber  syringes  can  not  be  used  because  of  rapid  corrosion. 
About  a  teaspoonful  of  the  liquid  bisulphid  is  sufficient  for  each 
burrow. 

For  stopping  the  holes  after  injecting  the  liquid,  putty  and  moist 
clay,  advised  by  some,  have  not  been  found  so  serviceable  as  grafting 
wax.  Coal  tar  may  be  substituted  for  the  latter,  or  the  holes  may  be 
closed  by  inserting  a  wooden  plug  and  breaking  or  sawing  it  off  level 
with  the  trunk.  In  any  case  the  stopper  should  be  tight,  to  exclude 
water  from  rains,  which  might  tend  to  produce  decomposition  of  the 
surrounding  wood  or  invite  other  insects,  like  black  ants  and  second- 
ary borers,  of  which  there  are  many  species,  and  injurious  fimgi. 

Carbon  bisulphid  should  be  handled  with  the  usual  precautions 
against  fire,  which  means  that  the  operator  should  hot  smoke  while 
at  work.  Although  a  deadly  poison,  it  will  not  injure  ordinary 
trees  when  applied  as  described. 

Killing  with  wires. — It  is  possible  to  reach  and  destroy  some  larvcs 
by  forcing  a  copper  or  other  pliable  wire  into  the  channels.  This  is  a 
well-known  borer  remedy.  It  is  impossible,  however,  by  this  means 
to  kill  the  insects  in  all  cases,  owing  to  the  length  or  crookedness  of 
the  burrows.     Bisulphid  of  carbon  should  then  be  used. 

Electric  lights. — To  what  extent  electric  lights  are  serviceable  as  an 
agency  in  the  destruction  of  the  moths  of  this  borer  has  not  been 
definitely  determined.  Col.  Nicholas  Pike  and  Dr.  J.  B.  Smith, 
however,  have  advised  placing  shallow  pans  around  electric-light 
poles  in  and  around  parks  to  attract  the  moths.  The  pans  are  par- 
tially filled  with  water  and  a  few  drops  of  kerosene  are  poured  into 
them.  The  moths  flying  against  the  globes  drop  into  the  pans  and 
are  promptly  killed  when  they  come  into  contact  with  the  oil.  In 
this  way  many  males  can  be  destroyed. 

Inspection, — In  lai^e  parks  the  destruction  wrought  by  this  borer 
annually  is  an  important  item,  and  it  will  be  found  a  source  of  profit 
to  establish  a  system  of  ins|>ection  consisting  in  the  employment  of 
parkkeepers  and   boys,  and  others  who  may  be  engaged  at  lower 

a  During  the  lastV^&rs  of  the  nineteenth  century  a  long  row  of  beautiful  red  oaks 
bordering  the  street  between  the  grounds  of  the  Department  of  Agriculture  and  those 
of  the  Smithsonian  Institution  were  badly  infested  by  the  related  carpenter  worm 
{PrionoxystuM  robinix  Forst.).  Nearly  every  tree  was  infested  and  frequently  two  or 
three  burrows  showed  near  the  tops  of  the  trimks.  Bisulphid  of  carbon  was  applied, 
as  described  above,  and  the  holes  closed  with  grafting  wax.  A  year  later  no  insects 
could  be  found  at  work,  but  wherever  this  remedy  had  been  applied  a  small  scar 
remained.  Two  years  later  these  had  entirely  disappeared  and  the  trees  looked  as  if 
they  had  never  been  infested. 
[Cir.  100] 
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wages,  to  keep  a  constant  lookout  for  evidences  of  borer  attack  oh 
valuable  trees.  On  this  head  Southwick  has  reported  that  in  1893 
he  spent  two  months  in  fighting  this  insect  alone  in  the  city  parks  of 
New  York,  collecting  wagon  loads  of  limbs  and  branches  and  destroy- 
ing the  larvsB  or  pupae. 

Maintaining  trees  in  thrifty  condition, — If  valuable  trees  are  to  be 
protected,  the  insect  should  not  be  allowed  to  breed  in  useless  growth. 
The  borers  in  such  trees  should  be  .destroyed  or  the  trees  promptly 
felled  and  burned.  Care  should  be  exercised  in  transplanting  new 
trees,  and  fertilizers  should  be  used  in  order  that  the  trees  may  be 
always  thrifty,  the  better  to  withstand  attack.  This  means  protect- 
ing them  from  the  attack  of  aphides,  scales,  and  defoliators,  such  as 
tussock  moths  and  the  fall  webworm,  and  keeping  them  free  from 
disease. 

Finally,  in  the  control  of  this  species  promptness  and  thoroughness 
can  not  be  too  strongly  emphasized.  The  bisulphid  of  carbon 
remedy  should  always  be  used  where  applicable,  and  the  inspection 
system  advised  should  be  instituted  in  all  public  parks  and  on  city 
streets  infested  by  this  pest.  Individual  owners  of  valuable  trees 
should  become  acquainted  with  the  pernicious  nature  of  this  borer, 
and  imited  action  should  be  secured  with  neighbors  who  also  suffer 
from  the  ravages  of  the  pest. 

Note. — ^After  this  publication  was  in  type  we  received  information  that  trees  in 
the  coUege  yard  of  Harvard  University,  Cambridge,  Mass.,  are  being  severely  injured, 
the  large  elms  being  the  most  seriously  attacked. 

Approved : 

James  Wilson, 

Secretary  of  Agriculture. 
Washington,  D.  C,  May  27,  1909. 
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Circular  No.  1 1 0.  issued  July  lo,  1909. 

United  States  Department  of  Agriculture, 

BUREAU  OF  ENTOMOLOGY, 
L.  O.  HOWARD,  EntomoIoKiat  and  Chief  of  Bureau. 


THE  GREEN-STRIPED  MAPLE  WORM. 

(Anisota  rubicimda  Fab.)® 

By  L.  O.  Howard  and  F.  H.  Chittenden. 

GENERAL  APPEARANCE  AND  METHOD  OF  WORK. 

Maple  trees  grown  in  the  United  States  for  shade  or  other  purpose 
are  subject  to  severe  injury  from  defoliation  by  caterpillars.  In  ad- 
dition to  the  fall  web  worm  ^  and  tussock  moth  caterpillar  *=  there  is  a 
conmion  and  troublesome  species  known  as  the  green-striped  maple 
worm  {Anisota  rubicunda)  which  affects  maples  of  all  kinds,  including 
sugar  maple,  and  is  especially  partial  to  silver  and  swamp  maples.  It 
feeds  occasionally  also  on  box-elder  and  will  defoliate  oak  in  the 
absence  of  its  favorite  food  trees. 

In  its  active  stage  this  insect  is  a  naked  or  hairless  caterpillar  (tig.  1, 
rf,  e)  of  large  size  and  somewhat  attractive  appearance,  being  pale 
yellowish  green,  longitudinally  striped  with  dark  green.  It  is  armed 
just  back  of  the  head,  on  the  second  thoracic  segment,  with  a  pair  of 
long  black  horns.  It  has  also  a  number  of  short,  black,  spiny  projec- 
tions along  its  sides  and  at  its  anal  extremity.  The  anal  segments  are 
somewhat  dilated  and  rose-colored  on  the  sides.  When  fully  grown, 
it  measures  nearly  two  inches  in  length. 

The  parent  insect,  or  moth,  is  a  beautiful  creature  of  a  pale  yellow 
color  shaded  with  a  most  delicate  pink.  The  female  is  well  shown  in 
the  accompanying  illustration  (a),  the  dark  portions  representing  the 
pink,  and  the  paler  poi-tions  the  yellow  color.  In  eastern  individuals 
the  colors  differ  from  those  found  in  the  West,  the  rose  tints  being 
more  intense,  while  in  the  western  forms  the  yellow  predominates, 
with  only  a  slight  tinge  of  rose.  Some  western  individuals  also  are 
nearly  white.  The  female  has  a  wing  spread  of  one  and  three-fourths 
to  about  two  inches,  and  her  body  is  yellow  and  woolly  in  appearance. 
Her  head  is  small,  retracted  into  the  thorax,  and  bears  short,  thread- 
like antennae.  The  male  is  smaller  than  his  mate,  having  plumose  or 
feathery  antennae,  as  represented  in  the  figure  {$). 

The  e^g  is  about  one  millimeter  in  diameter,  slightly  flattened,  and 
pale  green,  becoming  yellowish  before  the  larva  hatches.     A  portion  of 

«  Formerly  called  Dryocampa  rubicunda  Fab. 

6  Hyphantria  cunea  Dru. 

c  Hemerocampa  (Orgyia)  leucostigma  Dru. 
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an  egg  mass  is  figured  in  the  illustration  at  c^  and  a  much-enlarged  egg 
with  the  embryo  within  at  h.  The  pupa  is  very  dark  brown,  nearly 
black,  and  of  the  somewhat  peculiar  form  shown  at  f.  It  is  armed 
with  little  spines  on  the  margin  of  the  abdominal  segments  and  on 
the  thorax,  and  the  anal  segment  ends  in  a  projection  a  little  forked  at 
the  tip. 


Pig.  l.^Aniaota  rubicunda:  o.  Female  moth  and  antenna  of  male  moth:  b,  egg  showing  embryo 
within;  c,  portion  of  egg  mass;  d,  full-grown  larva  from  side;  e,  same  from  back;  /,  pupa.  Enlarged. 
(Original.) 

ORIGIN   AND   DISTRIBUTION. 

The  green-striped  maple  worm  is  a  native  North  American  species 
and  is  more  abundant  in  the  West  than  in  the  East,  although  it  enjoys 
a  considei-able  range.  It  abounds  especially  in  Kansas,  Nebraska, 
Missouri,  Illinois,  and  Iowa,  occurring  also  in  the  Gulf  States,  occa- 
sionally doing  considerable  damage  in  Mississippi.  It  extends  some- 
times in  injurious  numbers  North  and  East,  and  has  attracted  some 
attention  by  its  ravages  in  West  Virginia,  the  District  of  Columbia, 
New  Jersey,  and  in  a  limited  portion  of  New  York  State.     Instances 
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are  on  record  of  its  occurrence  in  great  numbers  in  Dutchess  and 
Sullivan  counties  in  New  York,  but  these  occurrences  were  excep- 
tional. 

LIFE   HISTORY  AND   HABITS. 

The  moths  issue  from  over-wintering  pupse  or  chrysalides  in  May  or 
June,  according  to  locality,  and  pair,  the  females  depositing  their  eggs 
on  the  under  side  of  the  leaves.  The  number  of  eggs  laid  by  a  single 
female  has  not  been  ascertained,  but  is  known  to  reach  at  least  150.  In 
eight  or  ten  days  the  eggs  hatch,  and  the  caterpillar  emerges  and  feeds 
and  grows  apace.  After  passing  through  four  molts  in  about  a  month 
it  reaches  full  growth,  when  it  enters  the  ground  to  transform  to  pupa. 
At  the  end  of  two  weeks,  or  a  little  longer,  the  pupa,  by  means  of 
the  sharp  and  homy  projections  which  have  already  been  described, 
works  its  way  to  the  surface  of  the  ground  and  gives  forth  the  moth. 
Soon  afterwards  the  female,  after  copulation,  lays  eggs  for  a  second 
generation. 

In  the  District  of  Columbia  it  has  been  ascertained  that  there  are 
usually  three  generations  in  the  course  of  a  year,  although  in  Missouri, 
according  to  Riley,  there  are  only  two.  Pupas  of  the  second  genera- 
tion in  the  West  and  of  the  third  generation  in  the  East  over- winter. 
Even  as  far  north  as  Massachussetts  Harris  showed  the  probability 
of  two  generations  annually. 

INSTANCES  OF  INJURY. 

Many  of  the  earlier  writers  on  economic  entomology  reported  nu- 
merous instances  of  injury  by  this  species,  but  of  late  the  insect  has 
not  received  much  attention,  presumably  because  of  the  far  greater 
destructivenesa  of  the  commoner  tussock  moth  and  fallwebworm,  and 
of  the  gipsy  and  brown-tail  moths.  Possibly  this  maple  worm  is 
decreasing  in  numbers.  Some  characteristic  outbreaks  may  be  men- 
tioned, therefore,  as  showing  its  importance  some  years  and  to  give 
some  idea  of  its  method  of  work. 

In  1887  Mr.  H.  W.  Young,  Independence,  Kans.,  wrote  that  for  four 
years  the  soft  maple  shade  trees  of  that  city  had  been  defoliated  twice 
a  year  by  this  insect,  the  trees  being  greatly  weakened.  In  1888  Mrs. 
M.  T.  McCluny,  Sedalia,  Mo.,  wrote  that  these  ''worms"  ''were  like 
the  locusts  of  I^pt,  and  filled  the  houses"  and  destroyed  the  leaves  of 
the  maple  shade  trees.  In  1889  considerable  correspondence  was  had 
with  Mr.  J.  W.  Merchant,  Kansas  City,  Mo.,  who  reported  extensive 
defoliation  in  Kansas  City,  Kans.,  and  sent  several  photographs,  one 
of  which  is  here  reproduced  (fig.  2).  In  cases  where  adjoining  maple 
and  elm  trees  branched  into  each  other  the  elm  trees  were  never 
touched.     During  the  period  from  1888  to  1890,  at  Lincoln,  Nebr., 

[dr.  UO]  Digitized  by  VjOOg IC 


Fig.  2.— Maple  tree  at  Kansas  City,  Kans.,  defoliated  by  green-striped  maple  worm.    (Original.) 
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many  rows  of  large  maples  were  entirely  defoliated,  rendering  them 
very  unsightly.  (See  fig.  3.)  At  about  the  same  time  Doctor  Riley 
reported  similar  complete  defoliation  on  the  grounds  of  the  State 
agricultural  college  at  Manhattan,  Kims.,  and  of  the  State  univer- 
sity at.  Lawrence,  Kans.  In  1901  Mr.  F.  E,  Brooks  reported  great 
damage  to  the  foliage  of  maple  in  the  vicinity  of  French  Creek, 
W.  Va.  Since  1905  the  species  has  been  abundant  in  portions  of 
Maryland  and  Virginia,  but  not  noticeably  troublesome. 

During  1908  it  was  devastating  forests  in  and  around  Fryeburg, 
Me.  At  that  time  it  almost  entirely  stripped  maple  and — it  was  said — 
oak,  beech,  birch,  apple,  and  other  deciduous  trees  over  a  very  large 
section,  but  it  seems  probable  that  other  species  were  present,  as  in 
other  cases  reported  to  this  office.*  It  was  particularly  troublesome 
to  shade  maples  in  Maine,  New  Hampshire,  and  Pennsylvania. 

NATURAL   KNEMIES. 

The  green-striped  maple  worm  is  frequently  eaten  by  domestic 
fowls  and  by  many  birds.  Of  these  the  robin  and  yellow- billed 
cuckoo  have  been  recorded  by  Bruner.''  He  reports  both  of  these 
birds  as  actively  engaged  in  picking  up  and  swallowing  the  '* worms" 
as  late  as  September  20,  at  Lincoln,  Nebr.  The  bluebird,  tufted  tit- 
mouse, red-headed  woodpecker,  red-eyed  vireo,  and  crow  blackbird 
are  also  stated  by  the  late  Prof.  F.  H.  Snow  to  eat  the  ''worms," 
while  the  moths  also  are  sometimes  destroyed  by  birds.  To  the  above 
list  Prof.  F.  E.  L.  Beal,  of  the  Bureau  of  Biological  Survey,  adds  the 
bku^-biUed  cuckoo  and  the  great-crested  flycatcher  as  enemies  of  this 
insect. 

This  species  is  parasitized  by  a  common  ichneumon  fly,  Limnerium 
fwgitivum  Say,  a  rather  general  parasite  of  lepidopterous  larvae.  Two 
tachina  flies  have  been  reared  from  it,  Frontina  frenchii  Will.,  from 
Washington,  D.  C,  and  vicinity,  and  Behosia  hlfasciata  Fab.,  from 
northern  Missouri.  Among  the  old  Riley  notes  is  a  record  of  the 
rearing  of  an  egg  parasite,  but  the  species  has  not  been  determined. 

At  one  time  the  electric  lights  in  some  of  the  large  cities  men- 
tioned were  the  means  of  attracting  and  destroying  large  numbers  of 
the  moths,  and  both  moths  and  caterpillars  were  destroyed  in  large 
numbers  by  passers-by,  who  trampled  on  them. 

As  a  rule  little  is  to  be  expected  from  tachina  flies  as  a  means  of 
controlling  insect  pests,  and  the  ichneumon  mentioned,  being  a  gen- 
eral parasite,  is  not  an  efficient  destroyer  of  this  particular  species.     In 

«Tbe  other  species  concerned  in  damage  were  Hderocampa  pWmtta  Walk,  and 
H,  bilineala  Pack.,  principally  to  forest  trees,  although  during  the  year  they  injured 
maple  groves  and  attacked  sugar  maple  and  a  considerable  variety  of  the  forest  trees 
in  New  England. 

&  Lawrence  Bruner,  1890,  Bull.  14  Nebr.  Agr.  Exp.  Sta.,  pp.  54-59.    ^  j 
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other  words,  we  can  not  rely  for  assistance  upon  any  of  the  natural  ene- 
mies except  birds.  These  should  be  encouraged  in  every  possible  way, 
and  warfare  should  be  waged  against  the  English  sparrow,  which  does 
not  feed  on  this  caterpillar,  save  perhaps  occasionally  in  nesting  time, 
and  is  a  great  pest  in  itself,  especially  as  it  drives  other  and  useful 
birds  from  cities  and  towns. 

REMEDIES. 

Arsenicals. — Spraying  with  an  arsenical  mixture,  if  accomplished 
when  the  caterpillars  are  young,  is  the  most  effective  means  of  con- 
trolling this  insect,  but  a  spraying  is  not  easily  applied  when  a  large 
grove  of  maples  is  infested.  Either  Paris  green  or  arsenate  of  lead 
may  be  used  and  applied  in  accordance  with  the  directions  furnished 
for  other  shade-tree  defoliators,  as  described  in  detail  in  Farmers' 
Bulletin  No.  99.  This  publication  should  be  in  the  hands  of  all  per- 
sons suffering  from  the  ravages  of  shade-tree  insects,  and  that  portion 
relating  to  general  instructions  in  the  last  chapter  should  be  read.** 
Paris  green  may  be  applied  on  maple  trees  as  strong  as  1  pound  to  60 
gallons  of  water,  but  half  that  strength,  or  one-half  pound  to  50  gallons 
of  water,  will  probably  suffice  in  most  cases.  Arsenate  of  lead  may 
be  safely  used  at  as  high  a  rate  as  from  2  to  4  pounds  of  the  poison  to 
50  gallons  of  water. 

Trenching. — If  an  arsenical  spray  has  not  been  used  while  the  larvae 
are  young,  large  numbers  of  the  pests  may  be  trapped  and  easily 
destroyed  by  digging  a  trench  either  around  individual  trees  or  around 
groves  or  belts  of  trees.  The  trench  should  be  at  least  a  foot  deep, 
with  the  outer  walls  sloping  under.  The  larvae  usually  wander  away 
from  the  trees  before  entering  the'  earth,  and  will  be  caught  in  the 
trench  in  great  numbers  or  will  bury  themselves  in  the  ground  in  the 
bottom  of  the  trench,  where  they  can  be  killed.  This  remedy  was 
given  a  practical  and  thoroughly  satisfactory  test  many  years  ago 
by  Doctor  Riley,  and  has  been  recommended  to  our  correspondents 
generally. 

Hamd  picking. — When  the  public  once  becomes  well  acquainted 
with  this  insect  in  all  of  its  stages,  from  the  ^gg  to  the  moth,  large 
numbers  of  the  eggs  and  the  moths  can  be  killed  by  hand  on  their 
appearance  in  May  or  June,  and  individual  choice  trees  may  in  a 
measure  be  protected  in  this  manner. 

Approved: 

jAiiES  Wilson, 

Secretary  of  Agriculture^ 

Washington,  D.  C,  May  26,  1909. 

o  Farmers'  Bulletin  No.  99  is  furnished  gratis  on  application  to  the  Department  of 
Agriculture. 
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Circular  No.  111.  issued  September  29,  1909. 

United  States  Department  of  Agriculture, 

BUREAU  OF  ENTOMOLOGY, 
L.  O.  HOWARD,  Entomoloirist  and  Chief  of  Bureau. 


PREPARATIONS    FOR  WINTER  FUMIGATION    FOR    THE 
CITRUS  WHITE   FLY. 

By  A.  W.  MoRBiLL  and  W.  W.  Yothebs. 

INTRODUCTION. 

As  a  result  of  investigations  conducted  by  the  Bureau  of  Ento- 
mology dxiring  the  past  three  years,  fumigation  for  the  citrus  white 
fly  has  been  placed  upon  a  practical  basis,  and  the  process  has  been 
BO  simplified  that  any  citrus  grower  can  undertake  the  treatment  of 
his  grove  without  depending  upon  experienced  fumigators  to  con- 
duct the  operations.  Under  present  conditions  fumigation  is  the 
most  satisfactory  and  profitable  method  of  controlling  the  white  fly 
in  hundreds  of  infested  groves  m  the  Gulf  coast  citrus-growing  regions, 
and  its  usefulness  will  be  extended  to  nearly  all  infested  groves 
when  the  practical  recommendations  in  a  forthcoming  bulletin  on 
the  white  fly  have  been  put  into  effect.  The  superior  quality  of 
Florida  citrus  fruits  when  grown  in  groves  free  from  injury  from 
insect  pests  and  the  awakening  of  progressive  growers  to  the  neces- 
sity for  organizations  for  combating  insect  pests  and  for  marketing 
the  fruit  point  to  the  general  adoption  of  the  control  measures  to 
be  recommended  in  the  publication  referred  to. 

At  the  present  time  the  authors  would  recommend  fumigation  for 
the  white  fly  imder  the  following  circumstances:  In  groves  isolated 
by  a  distance  of  at  least  200  yards  <*  from  all  other  infested  groves, 
in  citrus  groves  or  in  citrus-growing  sections  where  the  white  fly  has 
recently  appeared  and  is  still  of  limited  distribution,  and  in  sections 
where  cooperation  can  be  secured  among  growers  in  naturally  isolated 
groups.  In  many  cases  the  owner  of  an  extensive  and  valuable 
grove  which  is  isolated  except  for  a  small  grove  of  a  few  acres  from 
other  infested  groves  can  well  afford  to  loan  his  equipment,  or,  if 
necessary,  fumigate  the  neighboring  grove  entirely  at  his  own  expense, 

o  Experience  00  far  has  shown  that  as  a  rule  in  cases  of  isolation  of  much  less  extent 
fumigation  can  be  practiced  without  its  being  rendered  unprofitable  through  the 
migration  of  adults. 
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rather  than  to  permit  the  presence  of  such  grove  to  interfere  with 
his  results. 

Full  directions  concerning  equipment,  chemicals,  and  methods  of 
procedure  in  fumigating  for  the  citrus  white  fly  have  been  published 
in  a  bulletin  of  this  Bureau.*  This  bulletin  is  based  upon  results 
obtained  in  January  and  February,  1907.  Extensive  field  experi- 
ments have  been  conducted  during  the  last  two  seasons  and  the 
additional  results  obtained  will  be  embodied  in  a  supplementary 
report  now  in  preparation  by  the  authors  of  this  circular,  ft  is 
hoped  that  before  the  beginning  of  the  next  fumigating  season, 
extending  from  December  1  to  March  1,  a  publication  in  the  Farmers' 
Bulletin  series  of  this  Department  will  be  available.  This  bulletin 
will  contain  only  such  advice  and  directions  as  are  of  practical 
importance  in  fumigation  work  against  the  white  fly,  omitting  the 
details  of  experiments  published  elsewhere  as  the  necessary  basis 
for  establishing  practical  conclusions.  The  present  circular  aims  to ' 
call  attention  to  the  desirability  and  in  most  cases  necessity  for 
early  preparations  where  fumigation  work  is  planned  for  the  coming 
winter  season ;  also  to  give  full  directions  for  such  preparations. 

EQUIPMENT. 

TENTS. 

Orders  for  tents  should  be  placed  as  soon  as  possible  after  it  is 
decided  to  fumigate  a  grove.  Tent  makers  do  not  always  have  on 
hand  a  sufficient  quantity  of  desirable  grades  of  canvas  to  fill  large 
orders.  Delays  in  filling  the  order  may  necessitate  shipment  by 
express,  at  a  cost  several  times  the  expense  of  shipment  by  freight. 

The  first  step  is  the  determining  of  the  sizes  of  tents  required.  It 
is  a  more  common  mistake  to  underestimate  the  size  of  a  tent  required 
than  to  overestimate  it.  Some  allowance  should  be  made  for  the 
growth  of  trees,  in  consideration  of  the  future  use  of  the  tents.  If 
the  trees  are  nearly  untform  in  size,  the  largest  trees  should  be  selected 
for  measuring.  A  tape  measure  attached  to  a  reel  is  used  in  meas- 
uring trees  to  determine  the  size  of  tent  required.  Standing  a  few 
feet  from  the  outside  branches  of  the  tree  to  be  measured,  enough 
of  the  tape  is  unreeled  to  extend  over  the  top  of  the  tree  and  about 
half  Way  to  the  ground  on  the  other  side,  the  free  end  of  the  tape  is 
held  in  one  hand  and  the  reel  is  thrown  over  the  center  of  the  tree 
and  unreels  the  tape  by  its  own  weight  until  it  reaches  the  groimi 
Two  or  three  attempts  may  be  necessary  in  order  to  have  the  tape 
pass  over  the  center  of  the  tree.  It  should  be  borne  in  mind  that  the 
weight  of  the  tent  will  reduce  the  extreme  height  of  the  tree  and  that 

a  Bui.  76,  Bur.  Ent,,  U.  S.  Dept.  Agr.,  Fumigation  for  the  Citrus  White  Fly  as 
adapted  to  Florida  conditions.    By  A.  W.  Morrill. 
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it  is  therefore  unnecessary  for  the  tape  to  pass  over  the  highest  twigs. 
For  large  trees  6  to  8  feet  should  be  added  to  the  number  of  feet  over 
the  top  of  the  tree,  as  shown  by  the  measurement,  and  for  small  trees 
4  to  6  feet  should  be  added.  In  general,  trees  from  10  to  15  feet 
high  require  tents  between  32  and  44  feet  in  size^;  trees  from  16  to  20 
feet  high  require  tents  44  to  58  feet  in  size;  trees  21  to  25  feet  high 
require  tents  60  to  70  feet  in  size;  and  trees  25  to  30  feet  high  require 
tents  70  to  76  feet  in  size. 

In  regard  to  the  number  of  tents  required,  it  is  safe  to  estimate 
that  with  one  tent  for  each  100  trees  the  work  of  fumigation  could 
be  completed  in  ten  to  four- 
teen nights'  work.  One  crew 
can  handle  from  twenty  to 
twenty-five  small  tents,  45 
feet  in  size  and  smaller,  and 
from  eight  to  fifteen  tents,  50 
feet  in  size  and  larger.  Much 
depends  upon  the  trees  being 
so  spaced  as  to  obviate  inter- 
ference with  the  work  of  shift- 
ing the  tents. 

Having  decided  upon  the 
number  and  sizes  of  tents 
required,  orders  should  be 
placed  as  soon  as  possible. 
Samples  of  8-oimce  army  duck 
should  be  obtained  from  tent 
and  awning  makers  who  are 
in  a  position  to  furnish  the 
tents.  The  selection  of  tent 
material  is  a  matter  of  great 
importance.  Samples  of  duck 
can  be  classified  roughly  in 
regard  to  tightness  by  the  general  texture  and  by  the  degree  of 
imperviousness  to  direct  rays  of  light  when  held  between  the  eye  and 
the  sun,  or  any  bright  light.  Neither  of  these  methods  is  entirely 
satisfactory,  however,  in  selecting  material  for  fumigating  -tents. 
With  a  simple  arrangement  devised  by  the  authors  for  testing  the 
tightness  of  material  submitted  to  the  laborator}^  at  Orlando,  Fla.,  for 
examination,  it  has  been  found  that  samples  of  duck  vaiy  nearly  50 
per  cent  in  their  comparative  tightness. 

Figure  1  illustrates  two  extreme  samples  of  8-ounce  duck  which 
dififer  to  the  extent  of  47  per  cent  in  this  respect.     As  a  result  of 

oThe  size  of  tents  is  expressed  in  terms  of  the  distance  between  parallel  sides  of 
the  octagonal  sheet  of  canvas  of  which  the  tent  is  composed. 

[CIr.  Ul]  Digitized  by  GoOglC 


FiQ.  1.— An  undesirable  and  a  desirable  type  of  8-oz.  cot- 
ton duck  for  fumigating  tents.    (Original.) 


the  examinations  made  so  far,  the  authors  strongly  advise  against 
the  use  of  drills  of  any  kind.  The  appearance  of  these  is  much  more 
misleading  than  that  of  ducks,  and  it  seems  impossible  to  estimate 
their  comparative  tightness  except  by  tests  with  special  apparatus. 
Our  experience  up  to  the  present  time  leads  na  to  recommend  closely 
woven  duck  weighing  8  ounces  per  yard,  when  28  J  or  29  inches  wide, 
or  about  10  ounces  per  yard  when  the  material  is  36  inches  wide. 
The  more  expensive  grades  of  cloth  are  not  always  the  most  nearly 
gastight.  In  the  case  of  two  leading  concerns  which  have  supplied 
large  orders  of  tents  for  use  in  Florida,  the  medium  grades  of  mate- 
rial, as  shown  by  the  prices  quoted,  have  been  found  to  be  superior 
in  gas-holding  qualities  to  either  the  cheapest  or  the  most  expensive 
of  the  three  grades  upon  which  prices  were  quoted. 

The  form  of  cover  which  is  at  present  almost  exclusively  employed 
is  the  flat  octagon.  Frequently  those  who  have  never  seen  a  tent  of 
this  kind  fail  to  realize  its  simplicity.  A  square  piece  of  canvas 
would  answer  the  purpose  as  well  as  the  octagon,  but  to  save  material 
and  the  handling  of  extra  cloth  the  comers  of  the  square  are  left  off. 
A  perfectly  circular  cover  would  be  more  economical  in  respect  to  the 
amount  of  cloth  required,  but  the  saving  would  not  cover  the  extra 
expense  of  construction  in  this  form. 

For  specifications  tentmakers  may  be  referred  to  Bulletin  76  of 
this  bureau.*  In  general  these  specifications  are  simply  that  the 
form  is  approximately  octagonal,  of  any  desired  size,  made  of  par- 
allel strips  of  goods  overlapped  three-eighths  or  one-half  inch, 
double  stitched,  and  ^all  raw  edges  henmied.  In  the  case  of  tents 
50  feet  or  more  in  size  a  reinforcement  is  desirable  across  the  middle 
section  near  each  end,  as  described  in  the  bulletin  referred  to.  It  is 
desirable  that  allowances  be  made  for  shrinkage,  otherwise  a  tent 
after  becoming  wet  and  later  drying  may  not  be  suflBciently  large  to 
cover  trees  of  the  size  for  which  it  was  intended.  The  following 
published  statement  by  the  senior  author  is  of  importance  in  this 
connection  and  is  quoted  in  full:'' 

Shrinkage  of  the  goods  after  being  thoroughly  wet  is  an  important  consideration  in 
the  economical  construction  of  fumigating  tents.  In  order  that  the  tents  approxi- 
mate a  regular  octagon,  after  having  been  used  for  fumigating  purposes,  it  is  necessary 
either  t^  have  the  goods  thoroughly  shrunk  before  cutting  or  to  make  allowance  for 
subsequent  shrinkage  by  cutting  the  strips  longer.  A  test  made  with  a  brand  of 
8-ounce  duck  commonly  used  in  California  for  fumigating  tents  showed  that  the  shrink- 
age lengthwise  of  the  goods  amounted  to  7.5  per  cent  and  crosswise  0.9  per  cent. 
TTiis  means  that  in  a  50-foot  tent  the  shrinkage  would  result  in  the  full-length  strips 
shortening  3f  feet,  while  the  tent  would  shrink  less  than  6  inches  crosswise  of  the  strips. 
Such  irregularities  might  be  remedied  by  a  skirt  of  6i-ounce  drill,  but  it  is  simpler  to 

«  For  sale  by  the  Superintendent  of  Documents,  Government  Printing  Office, 
Washington,  D.  C.     Price,  15  cents. 

b  Bui.  76,  Bur.  Ent.,  U.  S.  Dept.  Agr.,  pp.  17-18. 
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plan  to  have  each  strip  cut  longer  by  a  given  amount  for  each  1  per  cent  of  difference 
in  the  lengthwise  and  crosswise  shrinkage.  In  the  case  referred  to  above  this  differ- 
ence is  6.6  per  cent,  and  each  per  cent  represents  an  actual  difference  of  6  inches.  A 
50-foot  tent  constructed  in  this  manner  would  therefore  measure  before  shrinkage 
52}  feet  (49  feet  lOi  inches  +  3  feet  4  inches)  lengthwise  of  the  strips  through  the 
middle  section,  and  49  feet  10)  inches  crosswise  of  the  strips.  After  shrinking,  the 
dimensions  would  be  approximately  49  feet  4)  inches  in  each  direction. 

On  account  of  the  variation  in  the  shrinkage  of  different  brands  of 
duck  it  is  necessary  to  test  the  crosswise  and  lengthwise  shrinkage  in 
the  sample  selected.  This  may  be  done  by  marking,  with  a  lead 
pencil,  lines  1  foot  or  more  in  length,  both  crosswise  and  length- 
wise of  the  strip  of  goods.  The  sample  should  be  shrunken  twice, 
each  time  wetting  by  submerging  in  water  for  two  or  three  hours 
and  drying  in  the  sim.  The  amount  of  the  shrinkage  can  then  be 
determined  by  measuring  the  pencil  lines  just  referred  to. 

The  marking  of  the  tents  with  graduated  stripes,  which  is  a  part 
of  the  process  of  determining  dosage  requirements  originated  by  the 
senior  author,**  requires  less  than  an  hour  for  each  tent.  The  neces- 
sary preparations  for  this,  therefore,  consist  in  procuring  suitable 
paint  and  arranging  for  a  patch  of  open  field  where  the  tents  may  be 
spread  flat  to  become  saturated  with  rain  or  dew,  thus  producing  the 
desired  shrinkage.  The  importance  of  the  tents  being  thoroughly 
shrunken  before  the  measuring  for  the  graduations  is  obvious. 

Directions  for  '* mildew-proofing"  the  tents  will  be  given  in  publi- 
cations now  in  preparation  and  it  is  not  necessary  to  include  them 
in  this  connection.  Tents  should  be  thoroughly  dried  in  the  sun 
before  being  folded  for  storage,  and  in  preparing  them  for  field  use 
they  should  not  be  exposed  to  rains  or  dews  any  more  than  is  neces- 
sary to  shrink  as  advised  above. 

POLES   AND   DERRICKS. 

In  the  Gulf  States,  seasoned  cypress  is  probably  the  best  material 
available  for  the  manufacture  of  poles  and  derricks  used  in  shifting 
tents.  These  serve  practically  the  same  purpose,  the  former  being 
used  in  handling  tents  up  to  50  feet  in  size  and  the  latter  in  handling 
tents  50  feet. in  size  and  larger.  The  poles  have  no  other  attach- 
ment than  a  rope,  while  the  derricks  each  consist  of  a  pole  with  a 
crosspiece  and  braces  at  the  base  and  eye-bolt  attachment  foe  pulley 
and  tackle  at  the  small  end.  These  poles  and  derricks  can  be  pre- 
pared for  use  in  a  short  time,  but  it  is  very  important  that  the  poles 
be  cut  and  peeled  long  enough  before  they  are  needed  for  use  to 
permit  them  to  become  well  seasoned.  Poles  should  be  carefully 
selected  in  order  to  have  them  as  straight  and  free  from  knots  as 
possible.  While  only  two  poles  or  two  derricks  are  needed  for  use 
at  one  time,  an  extra  supply  of  both  should  always  be  in  readiness, 
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BO  that  in  case  of  breakage  the  work  can  be  continued  with 
little  interruption.  The  length  of  the  shifting  poles  should  be 
about  2  feet  more  than  the  height  of  the  average  trees,  and  the  small 
end  should  be  about  H  inches  in  diameter.  The  poles  for  derricks 
should  be  about  3  or  4  feet  more  in  length  than  the  height  of  the 
average  tree,  and  when  ready  for  use  should  be  between  3  and  4 
inches  in  diameter  at  the  base  and  between  2  and  3  inches  in  diam- 
eter at  the  top.  The  method  of  attaching  the  crosspieces  and  braces 
is  described  and  illustrated  in  Bulletin  76  of  this  Bureau.  If  ordinary 
three-eighths  or  one-half  inch  bolts  are  at  hand,  a  pair  of  derricks  can 
be  prepared  for  use  in  less  than  half  an  hour,  and  this  need  not  there- 
fore be  considered  a  necessary  part  of  the  early  perparations  for 
fimiigation.  Cypress  poles  should  be  seasoned  in  a  barn  or  packing 
house,  or  if  out  of  doors  they  should  be  in  the  shade.  Straight  poles, 
while  being  seasoned,  should  be  so  supported  as  to  prevent  bending 
or  warping.  If,  after  cutting,  a  pole  is  found  to  be  crooked,  it  may 
perhaps  be  made  practically  straight  by  the  proper  arrangement  of 
the  supports  when  seasoning. 

QENBRATORS  OR  CROCKS. 

In  generating  the  gas  earthenware  crocks  are  used.  In  general, 
trees  5  to  8  feet  high  will  require  crocks  of  1 J  gallons  capacity;  trees 
9  to  12  feet  high,  crocks  of  2  gallons  capacity;  trees  13  to  16  feet  high, 
crocks  of  4  gallons  capacity;  trees  17  to  20  feet  high,  crocks  of  4  or  5 
gallons  capacity;  and  trees  21  to  30  feet  high,  crocks  of  5  or  6  gallons 
capacity.  For  trees  up  to  about  18  feet  in  height  one  crock  will  be 
needed  for  each  tent,  but  for  larger  trees  two  crocks  should  be  used, 
dividing  the  dosage  into  two  equal  parts.  Crocks  with  straight  sides 
can  be  used  with  more  cyanid  for  each  gallon  of  capacity  than  crocks 
which  narrow  at  the  top,  and  it  is  to  the  former  style  rather  than  to 
the  latter  that  the  preceding  statements  refer. 

The  foregoing  directions  should  enable  anyone  preparing  to  fumi- 
gate to  determine  the  actual  munber  and  sizes  which  will  be  needed. 
It  is  always  advisable  to  have  several  extra  crocks  at  hand,  so  that 
delays  will  be  avoided  in  case  of  breakage. 

Crocks  of  more  than  2  gallons  capacity  can  not  be  readily  obtained 
as  a  rule  and  frequently  even  the  smaller  sizes  can  not  be  obtained 
of  local  dealers  in  sufficient  numbers  to  equip  a  large  outfit.  It  is 
important,  therefore,  that  orders  for  crocks  be  placed  as  soon  as 
possible  when  preparing  to  fumigate.  As  the  tops  or  covers  are  not 
needed,  dealers  should  take  this  into  consideration  in  quoting  prices. 
When  not  purchased  of  local  dealers  and  no  allowance  is  made  in  the 
price  on  account  of  the  covers  of  the  crocks,  instructions  should  be 
given  not  to  include  the  covers  in  the  shipment,  in  order  to  avoid 
unnecessary  freight  or  expfress  charges. 
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Convenient  handles  for  the  crocks  can  be  made  of  a  large  size^  of 
wire.  If  properly  arranged  the  ends  of  the  handle  will  be  held  in 
position  on  opposite  sides  of  the  crock,  otherwise  they  may  cause 
considerable  annoyance. 

MISCELLANEOUS   REQUIREMENTS. 

Of  the  numerous  articles  of  minor  importance  which  sometimes 
are  not  easily  obtained  and  should  therefore  be  arranged  for  as  early 
as  possible  are  rubber  gloves  and  glass  graduates.  Two  or  three 
pairs  of  rubber  gloves  should  be  obtained  for  a  large  outfit.  One 
pair  is  needed  for  the  one  who  measures  the  acid  and  generates  the  ' 
gas,  and  one  pair  should  be  available  for  use  by  the  helper  who 
empties  the  contents  of  the  crocks  after  fumigating.  The  third  pair 
should  be  on  hand  in  case  one  of  the  pairs  in  use  is  lost  or  destroyed 
by  any  means.  Rubber  gloves  can  be  purchased  of  or  ordered 
through  electrical  supply  houses  or  electric-light  companies.  Black 
rubber  gloves  with  cloth  lining  are  preferable  to  the  red  rubber 
gloves  without  lining  which  are  sometimes  used.  The  latter  are  not 
easily  removed  from  the  hands,  especially  after  they  become  wet  on 
the  inside,  and  are  on  this  account  very  troublesome.  One  should 
avoid  gloves  which  are  so  thick  that  a  wet  glass  graduate  can  not  be 
easily  handled  when  wearing  them. 

A  glass  graduate  of  16  ounces  capacity  is  needed  for  each  outfit, 
and  if  not  obtainable  of  local  dealers  one  or  two  extra  ones  should 
be  always  on  hand.  They  can  be  purchased  through  local  druggists 
or  directly  of  wholesale  drug  houses.  It  is  important  that  the  num- 
bers on  the  graduate  be  plain  and  easily  readable. 

Torches  are  preferable  to  lanterns,  and  if  possible  three  or  four 
of  the  former  should  be  obtained. 

Balances,  stoneware  pitchers,  dippers,  water  buckets,  ropes,  pul- 
leys, and  other  articles  can  usually  be  obtained  of  local  merchants. 

CHEMICALS. 

The  chemicals  required  in  fumigation  with  hydrocyanic-acid  gas 
are  potassium  cyanid  (KCN)  and  sulphuric  acid  (HjSOJ. 

POTASSIUM  CYANID. 

The  cyanid  ordinarily  used  in  fumigating  citrus  trees  is  put  up  in 
200-pound  cases  and  costs  between  21  and  23  cents  a  pound  in  ton 
lots.  It  should  be  guaranteed  to  be  98  to  99  per  cent  pure.  In 
calculating  the  amount  of  cyanid  required,  a  tree  should  be  selected 
which  represents  as  nearly  as  can  be  estimated  the  average  size  of  the 
trees  in  the  grove.  The  distance  over  the  top  can  be  obtained  by 
the  tape  measure  in  the  same  manner  as  described  in  connection  with 
estimating  the  sizes  of  tents  required.  In  addition  to  this  measure- 
ment  the  circumference  of  the  tree  should  be  measured  with  the 

«  No.  9  has  been  used  by  the  authors  for  this  purpose. 
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tape  line.  This  can  be  done  by  attaching  the  free  end  of  the  tape  to 
a  twig  and  passing  around  the  tree,  hanging  the  tape  on  the  outer 
twigs  as  it  is  unreeled.  If  the  grove  consists  of  two  sizes  of  trees,  as, 
for  example,  large  seedling  and  medium-sized  budded  trees,  an  aver- 
age specimen  of  both  kinds  should  be  measured.  The  amount  of 
cyanid  required  for  these  average  specimens  can  be  determined  from 
the  dosage  table  given  herein.  The  following  examples  illustrate  the 
method  of  using  the  table  after  the  distance  over  and  the  circum- 
ference of  the  tree  have  been  obtained; 


1 

1             1 

Example  *    Distance     Clrcumfer- 
No.        1  over  tree,  jenceoftree. 

Amount  of 

potassium 

cyanid 

required. 

OuTtcet. 
9 

26 
58 
96 

1 
2 
3 
4 

Feet. 
24 
38 
52 
66 

Feet. 
40 
65 
72 
79 

The  amount  of  cyanid  in  ounces  having  been  obtained  for  the  aver- 
age tree  in  the  grove,  this  amount  is  multiplied  by  the  total  number  of 
trees  to  be  treated  and  divided  by  16  to  reduce  to  pounds.  It  is  advis- 
able to  obtain  from  5  to  10  per  cent  more  cyanid  than  the  amount  esti- 
mated, in  order  to  avoid  delays  in  case  of  underestimation.  The 
cyanid,  being  put  up  in  air-tight  tin  cases  inclosed  in  stout  wooden 
boxes,  may  be  stored  for  months  without  deterioration.  Excess 
cyanid  can  usually  be  disposed  of  without  difficulty. 


SULPHURIC    ACID. 


Sulphuric  acid  can  be  purchased  in  iron  drums  containing  about 
1 ,500  pounds  at  about  1  fV  cents  a  pound.  One  drum  of  acid  is  required 
for  about  4  cases  of  cyanid.  The  acid  should  be  guaranteed  66° 
Baum6  or  93  per  cent  pure.  It  is  advisable  to  have  a  sample  tested 
with  an  acid  hydrometer,  an  inexpensive  instrument  which  can  be 
obtained  through  any  druggist.  Acid  should  not  be  stored  for  more 
than  two  or  three  weeks  in  the  drum.  Unless  it  is  to  be  used  at  once 
the  entire  contents  should  be  emptied  into  carboys,  the  mouths  of 
which  should  be  closed  with  wooden  plugs,  strips  of  burlap,  and  plaster 
of  Paris.  Empty  carboys  can  be  purchased  for  $1.50  or  $1.75  each, 
and  9  are  required  to  contain  the  contents  of  an  acid  drum.  Only 
carboys  in  good  condition  should  be  used^  since  the  container  is  made 
of  thin  glass  and  breaks  easily  if  the  bottom  of  the  wooden  case  becomes 
weakened  and  fails  to  support  the  contents.  Great  care  should  be 
used  in  handling  the  acid.  Probably  the  quickest  and  safest  way  of 
emptying  acid  from  the  large  drum  into  carboys  is  a  method  which 
has  been  used  on  several  occasions  by  the  authors.  The  drum  is 
mounted  on  two  heavy  planks  resting  on  the  ground  and  is  arranged 
so  that  it  can  be  rolled  forward  and  backward  easily.     At  one  end  of 
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the  planks  a  pit  about  3  feet  deep  is  dug.  This  should  be  large  enough 
for  two  men  to  stand  in  and  place  the  empty  carboy  in  position  and 
lift  it  out  when  filled.  A  large-mouthed  funnel  made  of  sheet  lead  is 
placed  in  the  mouth  of  the  carboy.  A  piece  of  cast-iron  piping  about 
6  or  8  inches  long  and  properly  threaded  is  a  convenience,  but  not  a 
requirement.  This,  if  available,  is  screwed  into  the  opening  in  the 
drum,  which  is  arranged  so  that  the  acid  will  pour  into  the  funnel  lead- 
ing to  the  carboy.  A  piece  of  heavy  plank  or  other  suitable  lumber 
should  be  strongly  spiked  across  the  ends  of  the  two  plank  supports  of 
the  drum  to  prevent  its  being  rolled  too  far  forward.  Whenever  there 
is  a  suitable  platform  available,  or  timber  is  available  for  making 
a  rough  one,  the  trouble  of  digging  the  pit  can  be  obviated.     It  is  not 
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Fio.  2. — Diagram  otiegularly  set  grove  in  process  of  fumigation  with  an  outfit  of  four  tents:  X,  X,  trees 

missing.    (From  Morrill.)  x 

advisable  to  empty  drums  from  railroad  stations  or  packing-house  plat- 
forms, as  more  or  less  acid  is  usually  spilled.  No  one  should  stand 
near  the  carboy  when  the  acid  is  being  poured,  and  care  should  be  taken 
to  prevent  any  spattering  of  the  acid  from  reaching  the  face.  When 
handling  acid  it  is  always  well  to  have  water  at  hand  for  use  in  case 
of  accident.  With  proper  care  sulphuric  acid  can  be  handled  without 
danger  of  any  kind. 

DIAGRAMS   OF   GROVES,  AND   DOSAGE   TABLES. 

While  it  is  not  always  necessary  that  diagrams  of  groves  be  made, 
it  is  always  advisable  as  a  matter  of  record  and  to  prevent  errors. 
Figures  2  and  3  illustrate  methods  of  making  diagrams  whei]^(j|^es[^ 
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i^e  set  in  the  square  and  in  the  alternate  system,  respectively.  The 
figures  in  the  squares  represent  the  records  of  the  trees  fumigated, 
the  two  upper  figures  separated  by  a  dash  representing  the  dimen- 
sions of  the  tented  tree  and  the  lower  figure  the  amount  of  cyanid 
given.^  These  records  are  made  at  the  time  each  tree  is  fumigated. 
In  presenting  the  dosage  table  reconmiended  in  Bulletin  76  it  was 
stated  that  the  amounts  of  cyanid  could  be  increased  from  10  to  25 
per  cent  with  advantage  imder  certain  conditions.  At  the  present 
time  the  authors  advise  for  general  use  a  table  (fig.  4)  representing 

AC 
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9 

8 

7 

6 

5 

X 

X 

4 

42-54 
24 

43-62 
29 

3 

39-47 
20 

40-49 
21 

X 

41-51 
23 

2 

42-50 
23 

47-60 
34 

40-47 

20 

43-48 
24 

1 

32-38 
13 

42-50 
23 

1 

e. 


B 


D 


H 


FiQ.  3. — Diagram  of  grove  with  alternating  trees;  first  four  rows  in  process  of  fumigation  with  four  tents; 
three  sets  of  trees  fumigated,  the  tents  being  moved  from  south  to  north:  X,  X,  X,  trees  missing.  ( From 
Morrill.) 

an  increase  of  25  per  cent  over  the  minimum  requirements  previously 
given  in  tabular  form.  This  seems  desirable,  owing  to  the  wide 
variations  in  the  weave  of  various  tenting  materials  and  to  the  fre- 
quency with  which  slight  winds  might  interfere  with  the  results. 


MISCELLANEOUS    SUGGESTIONS. 

With  the  gradual  extension  of  the  process  of  fumigation  in  the 
control  of  the  white  fly  in  Florida  and  other  citrus-growing  sections 
of  the  Gulf  coast,  the  value  of  a  citrus  grove  will  be  considerably 

a  The  amount  is  according  to  the  dosage  table  given  in  Bulletin  76  of  thb  Bureau, 
page  68.  ^  . 
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affected  by  the  difficulties  in  fumigation  presented  by  excessive 
height  of  trees,  closeness  of  planting,  unevenness  of  ground,  and  other 
conditions.  The  systematic  treatment  of  groves  to  overcome  these 
diflSculties,  so  that  the  trees  may  be  easily  fumigated,  will  not  only 
be  of  value  in  this  respect,  but  will  constitute  a  good  cultural  practice. 
Trees  planted  too  closely  for  fumigation  to  be  practicable  are  too 
close  for  best  results  in  productiveness.  Limiting  the  height  of  trees 
by  pruning  not  only  lessens  the  expense  of  fumigation,  but  reduces 
the  expense  of  picking  the  fruit  without  reducing  the  quantity. 
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Fig.  4.— Dosage  schedule  for  use  in  fumigating  for. the  citnis  white  fly.    (Original. ) 

In  preparing  for  the  fumigation  of  a  grove,  if  the  branches  inter- 
lock to  any  extent,  either  pruning  of  branches  or  transplanting  of 
alternate  trees  or  rows  of  trees  is  advisable.  Deadwood  on  the  outer 
parts  of  the  trees  should  be  thoroughly  removed  in  all  cases  to  avoid 
the  tearing  of  tents.  Watershoots  should  be  thoroughly  removed 
at  the  same  time,  since  about  1  per  cent  of  the  white  fly  pupae  present 
during  the  winter  months  survive  fumigation  and  the  resistance  of 
the  insects  on  watershoot  leaves  is  much  greater  than  elsewhere  on 
the  trees. 
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If  possible,  the  cultivating  and  fertilizing  of  groves  to  be  fumigated 
should  follow  fumigation.  It  is  much  more  difficult  to  handle  the 
fumigating  tents  on  newly  cultivated  ground,  and  the  dust  arising 
in  the  shifting  of  the  tents  is  sometimes  a  matter  of  considerable  dis- 
comfort to  the  men  engaged  in  the  work. 

Approved : 

W.  M.  Hays, 

Acting  Secretary  of  Agriculture. 

Washington,  D.  C,  August  10,  1909. 
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Ifsaed  March  7. 1910. 


United  States  Department  of  Agriculture, 

BUREAU  OF  ENTOMOLOGY, 
L.  O.  HOWARD,  Entomologist  and  Chief  of  Bureau. 


CONTROL  OF  THE  MEDITERRANEAN  FLOUR  MOTH  BY 
HYDROCYANIC-ACID  GAS  FUMIGATION, 

By  F.  H.  Chittenden,  Sc.  D., 
In  Charge  of  Truck  Crop  and  Stored  Product  Insect  Investigations. 

INTRODUCTORY. 

Until  in  somewhat  recent  years  flour  mills  in  the  United  States 
were  little  troubled  with  injurious  insects.  It  is  true  that  weevils 
and  other  granary  pests  were  brought  into  the  mills  with  grain,  and 
in  the  course  of  time  many  mills  have"  become  infested  with  flour 
beetles.**    Beginning  with   the   year   1892,   however,   several   Cali- 


Fxo.l.— liediterranean  floor  moth  (£pAMiiaktt«Anieaa):  a,  Moth;fr,  Fio.  2.— Mediterranean 

same  from  side,  resting;  e,  larva;  d,  pupa;  «,  abdominal  segments  flour    moth:    Larva, 

of  larva,    o-d,  Enlarged;  f.  more  enlarged.   (Author's  Illustration.)  dorsal     view.      (Au- 

thor's illustration.) 

fornia  mills  became  infested  by  the  Mediterranean  flour  moth 
(EpJiestia  Tcuehnidla  Zell.),  which  has  been  aptly  called  'Hhe  scourge 
of  the  flour  mill"  and  the  '*  winged  gray  plague.'^  At  first  its  progress 
in  this  country  was  slow,  but  in  less  than  a  decade  it  had  become 
recognized  as  a  most  serious  pest  in  many  States,  and  at  the  present 
time  it  is  known  to  occur  in  practically  all  of  our  principal  milling 
centers,  and  in  most  of  our  States  from  the  Atlantic  to  the  Pacific 
and  from  Canada  to  Mexico. 


«  Chiefly  species  of  Tribolium,  Csenocoree  (Palonis),  Gnathocerus,  et  al. 
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Descriptive. — ^The  adult  insect  is  a  phycitid  moth  with  a  wing 
expanse  of  a  little  less  than  an  inch;  the  fore-wings  are  pale  leaden 
gray,  with  transverse  black  markings  of  the  pattern  shown  in  the 
accompanying  illustration  (fig.  1,  a);  the  hind-wings  are  dirty 
whitish,  semitransparent,  and  with  a  darker  border.  The  larva  or 
caterpillar,  illustrated  at  figure  1,  c,  €,  and  at  figure  2,  is  whitish  with 
minute  black  dots,  and  sparsely  hairy.  When  full  grown  it  measures 
about  one-half  an  inch  or  a  little  longer  (12.5-17.6  mm.).  The 
chrysalis,  shown  at  figure  1,  d^is  reddish  brown. 

Distribution. — ^Until  the  year  1877,  when  the  moth  was  discovered 
in  a  flour  mill  in  Germany,  this  insect  was  comparatively  imknown. 
Later  it  invaded  Belgium  and  Holland,  and  in  1886  appeared  in 
England.  Three  years  afterwards  it  made  its  appearance  in  destruc- 
tive numbers  in  Canada.  In  1892  it  was  reported  injurious  in  mills 
in  California,  and  in  1896  in  New  York  and  Pennsylvania. 

From  that  time  forward  until  1904  the  dissemination  of  the  species 
was  comparatively  slow.  In  1898  it  had  reached  Minnesota,  the 
next  year  Wisconsin;  in  1900  it  had  greatly  increased  in  Minnesota; 
two  years  later  it  invaded  Michigan,  and  by  1904  it  was  reported  in 
several  other  States,  including  Indiana,  Illhiois,  Montana,  Colorado, 
Ohio,  and  Iowa.  In  later  times,  each  year  has  witnessed  a  similar 
increase  in  distribution,  until  now,  in  1910,  this  flour  moth  is  attract- 
ing more  attention  than  any  insect  that  ever  infested  mills  or  other 
buildings  where  cereals  are  stored;  indeed,  it  is  almost  the  sole  topic 
of  complaint  of  millers  at  the  present  writing,  correspondence  in 
regard  to  weevils  and  flour  beetles,  which  was  at  one  time  heavy, 
having  fallen  off  very  noticeably. 

Ravages  and  habits. — ^The  caterpillars  form  cylindrical  silken  tubes 
in  which  they  feed,  and  it  is  largely  due  to  their  habit  of  web  spinning 
that  they  are  so  injurious  where  they  obtain  a  foothold.  Upon 
attaining  full  growth  the  caterpillar  leaves  its  original  silken  domi- 
cile and  forms  a  new  web,  which  becomes  a  cocoon,  in  which  it 
undergoes  transformations  to  pupa  and  to  imago.  While  searching 
for  a  place  for  transformation  the  insect  is  most  troublesome.  The 
infested  flour  becomes  'felted  together  and  lumpy,  the  machinery 
becomes  clogged,  necessitating  frequent  and  prolonged  stoppage,  and 
resulting  in  a  short  time,  in  large  establishments,  in  the  loss  of  thou- 
sands of  dollars.  A  sample  of  matted  flour  is  illustrated  in  figure  3, 
from  a  photograph  by  Mr.  C.  H.  Popenoe. 

As  to  the  losses  caused  directly  and  indirectly  by  this  insect  it  has 
been  difficult  to  obtain  estimates,  the  lowest  being  between  $100 
and  $200  to  a  mill  of  1,000  barrels  capacity.  The  average  loss  due 
to  closing  down  the  mill  and  cost  of  treatment  seems  to  be  not  far 
from  $500  for  each  fumigation,  *'to  say  nothing  of  the  loss  to  busi- 
ness,*' according  to  one  Kansas  milling  firm.     An  estima^  of  $1,000 
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for  two  fumigations  can  not  be  far  from  right,  although  others  esti- 
mate $2,000,  while  still  others — owners  of  larger  mills — claim  it  £o  be 
S5,000  a  year.    One  prominent  miller  states  that,  aside  from  the  cost 


Fio.  S.—liatted  floor  showing  the  work  of  the  Mediterranean  flour  moth.    ( Original. ) 

of  fumigating,  the  loss  due  to  stoppage  while  cleaning  is  incalculable, 
and  expresses  the  opinion  that  some  restrictions  should  be  imposed 
on  millers  who  do  not  clean  and  fumigate  their  mills. 
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Although  the  larva  prefers  flour  or  meal,  it  wul  attack  grain  when 
the  iFormer  are  not  available,  and  it  flourishes  also  on  bran  and  pre- 
pared cereal  foods,  including  buckwheat,  grits,  and  crackers.  It  Uves 
also  in  the  nests  of  bumblebees  and  in  the  hives  of  the  honey  bee. 

FIEST   USE   OF   HYDROCYANXp-ACID   GAS   AOAINST   INSEOTS   IN   STORED 

PRODUCTS. 

The  use  of  hydrocyanic-acid  gas  as  a  remedy  for  insects  in  mills 
and  other  inclosiures  where  grain,  flour,  and  similar  products  are 
stored  was  first  suggested  by  the  late  W.  G.  Johnson  in  the  American 
Mifler  for  March,  1898,  the  incentive  for  its  employment  having  been 
an  invasion  of  cockroaches  in  a  mill  in  North  Carolina 

The  first  test  of  this  method  as  a  means  of  destroying  insects  in 
stored  products  was  probably  that  made  by  the  writer  the  same  year.** 

Additional  experiments  were  soon  afterwards  made  in  conjunction 
with  Mr.  Pratt  and  the  cost  and  the  advantages  and  disadvantages 
carefully  weighed,  with  the  resulting  conclusion  that  since  hydrocy- 
anic-acid gas  is  infinitely  more  dangerous  to  human  life  than  bisulphid 
of  carbon,  as  well  as  more  expensive,  its  employment  as  a  fumigant  for 
ordinary  insects  injurious  to  stored  products  was  less  desirable^  On 
this  account  no  publication  was  made  of -the  results  nor  was  it,  Until 
recently,  reconunended  to  the  mmierous  persons  who  inquired  for 
remedies  for  mill  pests.  Soon  after  this  first  experiment  a  test  to 
determine  the  availability  of  this  gas  against  the  Angoumois  grain 
moth  was  made  on  a  larger  scale  but  with  very  imperfect  success.* 

a  March  5,  1898,  the  writer,  with  Mr.  F.  C.  Pratt,  then  working  under  his  direc- 
tion, fumigated  a  lot  of  dried  grain  infested  by  the  rice  weevil  (Calandra  oryza  L.} 
and  a  leguminous'seed  afifectod  by  a  Bruchus  or  seed  weevil,  the  material  being  placed 
in  a  moderately  tight  fumigating  box.  The  cyanid  of  potash  was  purchased  in  open 
market  and  was  used  at  the  rate  of  2  ounces  to  each  100  cubic  feet.  A  quantity  of 
acid  slightly  in  excess  of  the  salt  was  employed  with  twice  that  amount  of  water. 
The  experiment  began  at  4  p.  m.  Saturday  and  was  conducted  in  a  building  in  which 
the  temperature  was  usually  from  70**  to  76°  F.  The  following  Monday  morning  at 
7.30,  when  the  door  was  opened  for  airing,  no  odor  was  perceptible,  and  only  a  very 
slight  trace  of  gas  could  be  detected  a  half  hoiu:  later  when  the  box  lid  was  removed. 
As  a  result  all  the  seed  weevils  (Bruchus)  loose  in  bags  were  found  dead  and  all  of 
the  rice  weevil,  except  a  very  few  individuals,  which  revived  after  a  few  hours — 
less  than  0.1  per  cent — were  killed. 

b  A  lot  of  paddy  or  unhulled  rice  infested  by  this  moth  was  desired  to  be  fumigated 
and  was  placed  in  what  appeared  to  be  a  nearly  air-tight  inclosure,  a  room  specially 
prepared  for  the  purpose.  The  cyanid  was  prepared  in  the  usual  way  and  was  used 
at  a  strength  of  about  1  ounce  to  100  cubic  feet,  but  after  the  fumigation  the  insects 
were  seen  to  be  flying  freely  about  the  fumigating  room.  See  Bureau  of  Entomology 
Cir.  No.  46,  entitled,  ** Hydrocyanic-acid  Gas  against  Household  Insects,"  by  L.  0. 
Howard,  first  issued  in  1902,  revised  edition  February  20,  1907.  Note  what  is  said 
in  the  footnote  on  page  2. 

[Clr.  112]  ^  T 

Digitized  by  VjOOQ IC 


During  1899  mills  were  fumigated  in  Pennsylvania  and  Ohio,  under 
the  direction  of  Professor  Johnson,  with  satisfactory  results,  and  con- 
tinued in  later  years  by  and  under  the  direction  of  Professor  Johnson  as 
well  as  by  Professor  Washburn,  State  entomolpgist  of  Minnesota,  Prof. 
H.  A.  Surface,  State  zoologist  of  Pennsylvania,  and  other  State 
officials.  In  the  course  of  time  hydrocyanic-acid  gas  has  come  to  be 
recognized  as  the  best  f umigant  for  the  Mediterranean  flour  moth.  It 
is  equally  valuable  against  related  moths  found  in  mills,  but  is  less 
effective  in  destroying  flour  beetles  and  grain  weevils,  and  even  in 
the  destruction  of  the  Angoumois  grain  moth  in  com.  Indeed,  it  is 
not  generally  reconunended  for  any  of  the  latter  pests. 

From  what  subsequently  has  been  learned  of  this  method,  failure 
in  some  cases  was  undoubtedly  due  to  impure  potassium  cyanid  and 
to  faulty  appUcation  of  the  process,  since  the  fumigating  vessels  were 
rather  small  for  the  purpose  and  permitted  a  considerable  boiling 
over  at  the  top.  Much  residue  also  remained;  in  other  words,  the 
potassium  cyanid  was  probably  too  weak,  perhaps  no  stronger  than 
50  to  60  per  cent  pure,  as  was  also  the  sulphuric  acid,  which  was  not 
used  in  sufficient  quantity  to  produce  a  perfect  gas,  a  considerable 
amount  of  cyanid  remaining  unaffected  as  solid  residue  in  the  generat- 
ing vessel.  It  seems  also  probable  that  the  cyanid  was  broken  into 
too  fine  particles,  but  this  detail  can  not  now  be  remembered. 

Owing  to  these  failures  as  well  as  to  those  of  other  tests  which  were 
afterwards  made,  the  suspicion  arose  that  something  was  wrong  with 
the  ingredients.  A  sample  of  the  cyanid  used  was  submitted  to 
the  Bureau  of  Chemistry  and  treated  with  siUphuric  acid,  with  the 
result  that  only  54.50  per  cent  of  the  amount  of  hydrocyanic-acid 
gas  demanded  by  theory  was  found.  Analysis  showed  51.70  per 
cent  potassium  cyanid,  2.07  per  cent  sodium  cyanid,  and  39.28  per 
cent  potassium  carbonate,  the  remainder  consisting  of  sodium  chlo- 
rid  or  common  salt  and  impurities.  .It  will  be  noticed  that  this 
cyanid  was  little  more  than  half  as  strong  as  demanded  for  per- 
fect work;  hence,  what  appeared  to  be  a  fumigation  at  the  rate  of 
30  ounces  to  1,000  cubic  feet  was  in  reahty  only  about  16  ounces.** 

o  An  instance  of  fumigation  with  impure  cyanid  of  potash  should  be  cited.  During 
September,  1904,  the  writer,  with  Mr.  Pratt,  undertook  the  fumigation  of  a  dwelling 
infested  by  the  cigarette  beetle  {Lasioderma  serricome  Fab.),  using  1  ounce  of  cyanid 
to  100  cubic  feet  of  space,  which  destroyed  many  beetles.  Two  weeks  later,  however, 
the  beetles  had  again  accumulated  in  numbers,  showing  that  neither  larvae  nor  pupae 
had  been  killed  to  any  extent.  Then  3  ounces  of  cyanid  were  used  with  a  still  longer 
exposure,  a  total  of  practically  forty-two  hours.  This  killed  many  larvae  which 
dropped  from  the  furniture,  the  principal  seat  of  infestation,  although  carpets  were 
also  affected,  but  many  were  probably  not  killed  find  certainly  the  eggs  were  not 
destroyed,  as  the  insects  continued  to  infest  the  house,  with  the  repult  that  before  a 
third  fumigation  could  be  given  the  furniture  was  disposed  of. 

For  particulars  see  pages  68-70,  Bui.  54,  Bur.  Ent.,  U.  S.  Dept.  Agr.,  1905. 
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It  should  not  be  imagined  that  because  this  method  is  of  value 
against  the  Mediterranean  flour  moth  and  related  insects,  and  soft- 
bodied  species  like  psocids  or  book-lice,  which  also  occur  in  niills, 
that  it  is  a  sovereign  remedy  for  other  insects  in  miUs  and  other 
inclosures.  Quite  the  contrary;  it  has  been  found  only  partially 
effective  and  therefore  unsatisfactory  when  used  against  grain 
weevils,  flour  beetles,  and  other  hard-bodied  insects,  and  the  pre- 
paratory stages  of  the  Angoumois  grain  moth,  although  effective 
in  killing  the  adults  of  the  latter.  Indeed,  not  until  very  recent 
years  has  its  use  become  generally  recommended  for  the  flour  moth. 

Mr.  C.  H.  Popenoe,  working  under  the  writer's  direction,  in  fiuni- 
gating  primarily  for  the  flour  moth,  succeeded  in  killing  many  of  the 
confused  flour  beetle  (Tribolium  confusum  Duv.)  in  two  applications 
at  4  ounces  to  1,000  cubic  feet.  A  larger  percentage  was  destroyed 
by  one  application  at  the  rate  of  8  ounces,  and  so  on  up.  Mr.  D.  K. 
McMillan  had  similar  good  success  with  10  ounces. 

In  pamphlets  published  in  1904  Prof.  F.  L.  Washburn  has  rec- 
ommended hydrocyanic-acid  gas  for  the  treatment  of  the  flour 
moth,  stating  the  advantages  of  this  treatment  and  giving  details 
as  to  the  penetrating  power  of  the  gas  and  other  matters.* 

As  an  instance  of  the  successful  use  of  hydrocyanic-acid  gas,  the 
experience  of  a  Kentucky  milling  firm  that  was  advised  to  use  this 
method  of  fumigation  may  be  briefly  narrated. 

In  the  city  where  this  firm  is  located  the  species  had  been  present 
*  in  their  mill  four  years,  yet  a  few  months  prior  to  hearing  from  them 
the  writer  did  not  know  of  the  insects*  occurrence  in  that  State.  It 
had  been  introduced  in  second-hand  machinery.  Bisulphid  of  carbon 
had  been  used  by  them  previous  to  their  correspondence  with  the 
writer  and  was  described  as  '*no  good  except  for  weevils  in  stored 
grain.'*  It  had  been  employed  at  the  rate  of  300  pounds  to  62,400 
cubic  feet  of  air  space,  or  about  5  pounds  to  1,000  cubic  feet — fully 
twice  as  strong  as  necessary  in  an  ordinary  mill.  Afterwards,  by  the 
writer's  advice,  hydrocyanic-acid  gas  was  employed  and  the  follow- 
ing report  was  made,  August  24,  1909: 

Saturday,  July  24,  1909,  our  mill  was  fumigated  with  hydrocyanic-acid  gas,  using 
18  4-gallon  jars,  each  charged  with  3  pounds  of  cyanid  of  potassium,  4^  pounds  of 
sulphuric  acid,  and  7  pounds  of  water.  We  killed  moths  and  their  eggs,  worms  and 
bugs  of  all  kinds,  wasps,  mud-daubers,  spiders,  bats,  rats,  and  mice,  and  also  English 
sparrows  perched  outside  on  the  roof.  It  has  just  been  one  month  since  we  fumigated, 
and  we  see  no  more  as  yet.  There  is  no  sense  in  a  miller  being  pestered  with  the 
flour  moth.    Hydrocyanic-acid  gas  will  kill  the  moth  and  the  eggs. 

Our  correspondents  also  wrote  that  in  their  opinion  it  would  be 
difficult  to  operate  any  mill  infested  with  the  flour  moth  without 

o  Ninth  Annual  Report  State  Entomologist  of  Minnesota,  pp.  31-36,  1904;  Special 
Report  State  Entomologist  of  Minnesota,  February  29,  1904. 
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fumigation,  as  the  cost  of  shutting  down,  cleaning  machinery,  etc., 
would  destroy  the  profit.  In  this  latter  fumigation,  54  pounds 
cyanid  of  potash  were  used,  equivalent  to  13.9  ounces  to  1,000  cubic 
feet,  or  about  one-third  more  than  necessary  if  the  building  was  tight 
and  the  ingredients  known  to  be  pure. 

SUMMABT  OF  VALUE  OF  THE  HYDEOOYANIO-AOID  GAS  METHOD. 

The  special  qualities  of  hydrocyanic-acid  gas  and  some  of  the  ad- 
vantages which  it  possesses  over  other  insecticides  (as  well  as  its 
disadvantages)  as  a  fumigant  for  mills  and  other  buildings  infested 
by  insects  may  be  briefly  summarized  as  follows: 

1.  It  is  generated  without  the  aid  of  fire,  in  which  respect  there 
is  a  distinct  advantage  in  its  use  in  preference  to  sulphur  fumiga- 
tion, unless  the  Clayton  process  is  employed. 

2.  It  is  practically  noninflanmiable  and  nonexplosive  in  a  large 
confined  space  when  generated  according  to  methods  now  in  practice. 

3.  It  is  possible,  therefore,  to  use  this  method  of  fumigation  where 
with  the  employment  of  either  bisulphid  of  carbon  or  sulphur  a  con- 
flict with  insurance  companies  might  occur. 

4.  It  is  not  injurious  to  cereals  or  other  dried  products  in  storage, 
either  for  food  or  for  seed,  in  which  respect  it  is  superior  to  sulphur, 
which  destroys  the  germinating  qualities  of  seeds  as  well  as  plant 
life  generally. 

5.  Fumigation  may  be  employed  at  any  time,  night  or  day,  but 
preferably  in  a  moderately  warm  temperature  and  on  a  calm  day 
without  wind. 

6.  In  a  very  short  time  after  ventilation  of  the  treated  premises 
the  characteristic  "peach-pit"  odor  of  the  gas  entirely  disappears 
and,  properly  used,  no  solid  residue  remains  in  the  generator. 

7.  Hydrocyanic-acid  gas  is  lighter  than  air  and  has  considerable 
penetrating  power — not  so  great,  however,  as  possessed  by  sulphur 
where  forced  into  buildings  and  other  inclosures  by  means  of  the 
Clayton  process. 

8.  The  gas,  generated  in  air-tight  inclosures,  creates  a  positively 
deadly  atmosphere,  and  thus  used  destroys  most  stages  of  the  flour 
moth  and  some  other  insects.  It  is  still  more  deadly  at  a  much 
shorter  exposure  to  man  and  other  mammals,  including  domestic 
animals,  rats,  mice,  and  other  vermin,  than  to  mill  insects. 

9.  It  is  the  most  powerful  poison  in  conunon  use,  which  fact  being 
fully  recognized,  human  beings  are  not  readily  tempted  to  run  unnec- 
essary risks  of  exposure  to  its  deadly  fumes. 

10.  The  process  is  comparatively  inexpensive  under  conditions 
which  permit  of  buildings  being  made  nearly  gastight,  especially 
when  a  complete  exposure  of  between  24  and  36  hours  can  be 
obtained. 
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CHEMICALS   AND   OTHER  SUPPLIES. 

In  the  fumigation  of  mills,  warehouses,  elevators,  and  other  struc- 
tures and  inclosures  infested  by  insects,  especially  the  Mediterranean 
flour  moth  and  some  other  soft-bodied  insects,  in  stored  cereals,  with 
hydrocyanic-acid  gas  two  chemicals  are  used,  both  poisonous  and 
dangerous  to  handle.  They  are  cyanid  of  potassium,  called  also 
potassium  cyanid  and  cyanid  of  potash,  of  a  high  grade  or  chemically 
pure  (98-99  per  cent),  concentrated  sulphuric  acid  having  a  specific 
gravity  of  about  1.83  or  1.84  (equivalent  to  66°Baum6),  and  water. 
The  standard  commercial  sulphuric  acid  will  answer. 

Cyanid  of  potash  (KCN  or  KCy),  the  first  ingredient,  is  a  white 
crystaUine  salt,  permanent  in  dry  air,  but  rapidly  decomposable  or 
deliquescent  in  a  moist  atmosphere,  when  it  gives  off  an  odor  of 
hydrocyanic  or  prussic  acid.  It  is  readily  soluble  in  water,  has  a 
bitter  taste,  and  is  extremely  poisonous. 

Sulphuric  a^dd  (H,S04),  the  chemical  used  in  Uberating  the  gas,  is 
so  well  known  as  scarcely  to  require  description  at  this  point.  It 
might  be  well,  however,  to  state  that  it  is  known  commercially  also 
as  oil  of  vitriol  or  simply  "vitriol,"  and  is  a  dense,  oily-looking  fluid, 
colorless  when  pure,  having  when  concentrated  a  specific  gravity  of 
about  1.8,  and  containing  about  90  per  cent  H,S04,  It  is  nearly 
twice  as  heavy  as  water,  and  in  action  it  is  powerful,  being  corrosive 
to  both  animal  and  vegetable  substances. 

Hydrocyanic  acid  (HCN  or  HCyj,  the  resultant  gas  liberated  by 
combining  cyanid  of  potash  and  sulphuric  acid,  is  one  of  the  most 
energetic  poisons  known  to  science.  A  single  drop  of  the  pure  acid 
placed  inside  of  the  eye  causes  instant  death.  When  taken  internally 
it  causes  paralysis  of  the  heart,  of  the  respiratory  center,  and  of  the 
vasomotor  region  of  the  medulla.  The  immediate  cause  of  death  in 
most  cases  is  due  to  obstruction  of  the  respiration  or  to  stoppage  of 
the  hearths  action. 

The  purity  of  the  cyanid  of  potash  and  sulphuric  acid  to  the 
degree  indicated  above  is  essential  to  the  success  of  fumigation, 
and  efforts  should  be  made  to  obtain  these  chemicals  through  thor- 
oughly reliable  firms,  and  if  there  is  any  doubt  as  to  their  strength 
they  should  be  submitted  to  analysis.  Many  of  the  disappointments 
and  failures  in  fumigation  have  come  from  the  employment  of  impure 
cyanid  of  potash  or  acid  below  the  standard  strength.  These  two 
agents  are,  however,  now  in  such  common  use  for  fumigation  pur- 
poses that  with  ordinary  care  in  their  purchase  there  is  little  risk  in 
this  direction. 
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PROPORTION    OF   CHEMICALS. 

The  hydrocyanic-acid  gas  is  produced  by  a  combination  of  cyanid 
of  potash  and  sulphuric  acid  in  water.  The  most  economical  and 
efficient  production  of  the  gas,  as  demonstrated  by  a  recent  thorough 
investigation  of  the  subject  by  the  Bureau  of  Entomology  in  coopera- 
tion with  ihe  Bureau  of  Chemistry  of  the  Department  of  Agriculture, 
is  obtained  by  the  following  proportions:  * 

Cyanid  of  potash  (98  per  cent  pure),  by  weight...  1  ounce  avoirdupois. 

Commercial  sulphuric  acid,  by  measure 1  fluid  ounce. 

Water,  by  measure 3  fluid  ounces. 

This  formula  differs  somewhat  from  some  other  formulas  in  use 
in  mill  fimiigation.''  Any  combination  of  the  three  ingredients  will 
produce  gas,  and  hence  any  one  of  several  formulas  which  have  been 
recommended  and  are  in  use  will  yield  more  or  less  satisfactory 
results,  but  the  greatest  economy  in  materials  with  a  maximum  gas 
production  is  secured  by  following  the  above  proportions.  In  this 
formula  the  acid  and  water  are  slightly  in  excess  of  the  exact  chemical 
needs,  but  it  is  essential  that  all  the  cyanid  shall  be  converted  and 
that  there  be  suflScient  water  present  to  maintain  a  completely 
liquid  residue.  The  use  of  less  water,  e.  g.,  two  parts,  may  cause  a 
solid  residue,  due  to  undissolved  potassium  sulphate,  the  by-product 
resulting  from  the  reaction  by  which  hydrocyanic-acid  gas  is  produced, 

aSee  R.  S.  Woglum,  Bui.  No.  79,  Bur.  Ent.,  U.  S.  Dept.  Agr.,  p.  33,  June  11,  1909. 
ft  The  formula  (1:1:3)  above  quoted  may  look  quite  distinct  from  older  ones  which 
have  been  in  somewhat  general  use  by  millers,  fumigators,  and  others,  but  the  differ- 
ence is  very  slight  and  may  be  explained.  The  old  formula,  as  originally  advised 
by  Johnson  (Fumigation  Methods,  1902,  p.  163),  reads  substantially  that  to  determine 
the  amoimt  of  acid  and  water  one-half  more  acid  (liquid  measure)  than  cyanid  and 
one-half  more  water  than  acid  are  used.  ** Therefore  a  room  20  by  30  by  10  feet 
requires  53  ounces,  by  wei^t,  of  cyanid;  80  ounces,  liquid  measure,  sulphuric  acid, 
and  120  oimces,  liquid  measure,  water.'*  As  originally  advised  by  Johnson,  the 
sulphuric  acid  was  liquid  measure,  but  later  a  more  effective  formula  for  fumigating 
mills  and  similar  inclosures  came  into  u.se,  giving  the  acid  by  weight.  A  formula 
substantially  as  follows  was  substituted  with  better  results: 

Cyanid  of  potash  (98  per  cent  pure),  by  weight. .  1  ounce  avoirdupois. 
Commercial  sulphuric  acid  (93  per  cent  pure), 

by  weight *. IJ  ounces  avoirdupois. 

Water 2i     fluid     ounces     or 

ounces  avoirdupois. 

In  point  of  fact,  the  formula  last  quoted  substitutes  the  computation  of  the  acid  by 
weight  for  computation  by  measure  as  used  in  earlier  formulas.  Thus,  while  the 
avoirdupois  formula  remains  nearly  the  same,  owing  to  the  greater  atomic  weight  of 
the  acid,  the  chemical  reaction  is  almost  identical  with  the  formiila  1: 1:3,  which  we 
now  advise. 

Theorttically  the  difference  in  acid  between  the  two  formulas  is  so  slight  that  in 

fumigating  mills  the  results  are  about  equal.     In  some  cases  there  might  be  a  slight 

acid  deficiency,  resulting  in  a  proportionate  deficiency  in  the  amount  of  gas  evolved. 
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and  this  solidifying  or  ''freezing"  of  the  residue  may  prevent  com- 
plete development  of  the  gas,  as  has  been  demonstrated. 

Much  recent  work  by  experts  and  agents  of  this  Bureau  has  dem- 
onstrated that  for  ordinary  well-constructed  mills  or  granaries  good 
results  may  be  anticipated  by  the  use  of  10  ounces  of  cyanid  of  pot- 
ash and  corresponding  amounts  of  the  other  ingredients  to  1,000 
cAibic  feet  of  air  space.  This  strength,  therefore,  may  be  taken  as 
the  standard  for  mill  and  granary  fumigation. 

If  mills  could  be  made  practically  air-tight,  and  some  are  nearly 
so,  undoubtedly  a  considerably  smaller  amount  of  cyanid  to  each 
1 ,000  cubic  feet  would  give  equally  good  results,**  but  the  miller  will 
hardly  be  willing  to  risk  success  by  a  slight  economy  in  cyanid  and 
acid,  in  view  of  the  money  loss  due  to  "shut  downs"  incidental  to 
any  fumigation. 

In  very  loosely  constructed  or  more  or  less  open  frame  buildings, 
or  where  only  a  short  exposure  is.  permissible,  it  is  practically  impos- 
sible to  successfi^y  fumigate  for  most  insects  affecting  stored  prod- 
ucts; but  sometimes,  by  increasing  the  amount  of  cyanid  to  double 
the  quantity  normally  employed,  fair  results  may  be  obtained. 

Good  results  can  not  be  expected  with  an  exposure  of  less  than 
16  or  18  hours,  while  a  period  of  from  24  to  36  hours  is  preferable. 

ESTIMATING   AMOUNTS  OP  CHEMICALS   FOE  FUMIGATION   OF  MILLS. 

The  first  preliminary  to  the  fumigation  of  a  mill  or  granary  is  the 
making  of  an  accurate  estimate  of  the  amount  of  chemicals  required 
for  the  different  stories  of  the  building.  It  is  desirable  to  make  the 
computation  of  space  for  each  floor  separately  and  to.prepare  a  table 
for  the  guidance  of  the  operators  indicating  the  number  of  generators 
and  the  amount  of  chemicals  to  be  distributed  on  each  floor.  Inside 
measurements  should  be  taken,  and  the  height  of  each  story  should 
be  carefully  measured  as  well  as  the  floor  space. 

Under  ordinary  conditions  it  is  best  to  generate  the  gas  at  the 
standard  rate  on  each  floor  of  the  building.  The  first  table  which 
follows  illustrates  the  normal  proportions  for  each '  floor.  These 
tables  are  submitted  as  indications  of  a  convenient  method  to  be 
followed  in  iriaking  the  computations  and  tabular  statement.  In 
view  of  the  fact,  however,  that  the  gas  is  lighter  than  air  and  rises, 
it  may  be  desirable  in  the  case  of  buildings  which  have  many  open- 
ings from  one  floor  to  another,  which  can  not  be  easily  sealed  or 
stopped  up,  to  develop  the  greatest  amount  of  gas  in  the  basement, 

o  Mr.  C.  H.  Popenoe,  working  under  the  instructions  of  the  writer  in  the  vicinity 
of  the  District  of  Columbia,  and  Mr.  D.  K.  McMillan,  fumigating  under  the  writer'^ 
directions  in  Kansas,  have  met  with  success  with  lower  strengths  in  fumigatmg  nearly- 
air-tight  mills  and  other  structures, 
irir.  11--U 
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and  a  decreasing  amount  on  each  of  the  succeeding  floors,  maintain- 
ing the  total  proportion  for  the  building,  however,  at  approximately 
10  ounces  of  cyanid  to  1,000  cubic  feet  of  space.  An  estimate  of  this 
kind  is  illustrated  by  the  seconrl  table* 

Assuming  that  the  capacity  of  the  upper  floor  of  a  given  building 
is  96,000  cubic  feet,  the  minimum  amounts  of  each  reagent  and  water 
required,  according  to  the  same  formula,  would  be* 

Cyanid  of  potash 60  pounds  avoirdupois. 

Sulphuric  acid 60  pints. 

Water 180  pints. 

This  would  necessitate  the  use  of  twenty  3-gallon  generators  and 
would  naturally  require  the  same  number  of  bags  which  would  con- 
tain 3  pounds  each  of  the  cyanid  salt. 

While  it  is  essential  to  success  that  the  cubic  contents  of  each  floor 
be  accurately  computed,  it  can  be  readily  seen  from  the  foregoing 
that  many  of  the  details  as  to  the  strength  must  be  left  to  the  judg- 
ment of  the  operator,  since  we  have  reports  of  nonsuccess  or  of  only 
partial  success  where  greater  strengths  have  been  used.  As  fre- 
quently happens  the^e  reports  emanate  from  distant  sources  and  it 
has  not  been  possible  to  give  them  personal  investigation.^ 

Whenever  a  building  can  not  be  so  tightly  closed  as  in  the  case  last 
mentioned — and  this  matter  must  necessarily  be  left  to  the  judg- 
ment of  the  operator — additional  quantities  are  necessary.  This  is 
accomplished  by  employing,  for  each  1,000  cubic  feet,  one-fourth  to 
one-half  more  or  even  twice  the  quantity  of  each  ingredient.  The 
amounts  to  be  used  for  other  still  more  loosely  constructed  buildings 
can  be  calculated  in  the  same  manner. 

The  following  tabular  statements  are  submitted  as  aids  in  com- 
puting the  exact  proportions  for  hypothetical  buildings  of  about  1,000 
barrels  (daily)  capacity .** 

The  amounts  of  chemicals  to  be  used  for  a  given  building  or  other 
inclosure  are  in  direct  proportion  to  the  degree  of  tightness  to  which 
it  may  be  closed.  Owing  to  the  great  variability  of  buildings  and 
parts  thereof  as  regards  tightness,  it  follows  that  no  uniform  strength 
can  be  prescribed. 

o  As  an  example,  a  Wisconsin  miller  wrote  in  June,  1909,  that,  although  he  had  used 
hydrocyanic-acid  gas  at  the  rate  of  2  ounces  of  cyanid  to  each  100  cubic  feet  of  space 
(20  ounces  to  1,000  cubic  feet)  for  36  hours,  a  few  individuals  seemed  to  have  been 
missed  although  everything  within  reach  of  the  gas  was  positively  killed.  This  led 
to  the  conclusion,  in  which  most  millers  of  experience  concur,  that  the  eggs  are  seldom 
killed  by  this  or  other  methods  of  fumigation  now  in  use.  Professor  Washburn,  how- 
ever, has  succeeded  in  destroying  them,  and  we  fumigated  la^^t  year  (June  6,  1909)  a 
mill  product  in  which  there  were  eggs  of  this  species  which  later  failed  to  develop. 

^  It  should  be  here  stated  that  millers  generally  are  very  apt  to  take  the  outi^ide 
measurements  of  a  building  instead  of  the  inside  and  do  not  always  calculate  with 
sufficiPnt  care  the  height  of  each  floor.  ^  by  GoOQk 
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Tables  designating  dimensions  and  cubic  contents  of  each  floor  and  amount  of  chemicals. 

TEN-OUNCE  TABLE. 


Floor. 

Dimensions. 

Basement 

40  X  60  X  10 

First  floor 

40  X  60  X  18 

Second  floor 

40  X  60  X  14 

Third  floor                  

40  X  60  X  12 

Fourth  floor. . . - 

40  X  60  X  IB 

Total  a.. 

Cubic 
feet. 

Cvanld. 

1 

1 
.\dd. 

Water. 

Gener- 
ators. 

Pounds. 

1 
Pint*.    , 

Phi/*. 

24,000 

15  1 

15  1 

45 

5 

43, -200 

27  ' 

27  ' 

81 

9 

33.600 

21  , 

21  1 

63 

7 

28,800 

18 

18 

54 

6 

43.200 

27 

27  , 

81 

9 

108  108  324  ' 


a  Assuming  the  cost  of  cyanid  of  potash  at  25  cents  a  pound,  this  would  bring  the  sum  for  the  most 
expensive  chemical  to  $27.  Calculating  the  sulphuric  acid  at  3  cents  a  pound  (1  pint—  1.84  pounds) 
the  cost  would  be  $6.96  or  132.96  as  the  total  cost  of  the  chemicals. 


Table  for  mills  with  openings  in  floors. 


Floor. 

1                        1 
1  Dimensions,  i 

Cubic 
teet. 

24.000 
43,200 
33,600 
28,800 
43,200 

Cyanid.  ' 

1 

36 
36 
24 
12  , 

0  1 

Acid. 

Water. 

Gener- 
ators. 

Basement 

i   40  X  60  X  10 

36 
36 
24 
>2 
0 

108 
108 
72 
36 
0 

12 

First  floor. . . . . . 

40x60x  18  1 

12 

Second  floor 

40x60x14 

8 

Third  floor 

40x60x  12  , 

4 

Fourth  floor. .. 

1    40x60x  18 

0 

This  table  Is  intended  for  use  In  buildings  ha\ing  large  openines.  as  belt  holes,  freight  elevator  shafts, 
and  open  stairways  in  the  floors,  serving  to  throw  the  whole  building  into  one  large  room. 

PREPARING   THE    MILL   OR   OTHER    BUILDING    FOR   FUMIGATION. 

After  obtaining  the  chemicals  for  generating  the  gas  the  building 
should  be  made  as  nearly  gas-tight  as  possible,  since  upon  this  feature 
alone  depends  the  amount  of  chemicals  to  be  used.  If  the  building 
could  be  made  approximately  air-tight,  the  amount  could  be  mate- 
rially reduced  with  consequent  saving  of  expense. 

To  compass  the  object  desired,  every  window  must  be  closed  as 
tightly  as  possible.  A  good  way  is  to  insert  plugs  of  wood  on  each 
side  of  the  top  of  the  lower  sash  and  between  the  ^' strip.''  If  this 
does  not  make  the  aperture  between  the  two  window  sashes  tight 
enough,  other  substances  may  be  used.  Cotton  batting  of  good 
quality  is  serviceable  for  inserting  into  these  openings  with  a  case 
knife,  care  being  taken  that  it  is  packed  tightly  and  not  loosely.  A 
cheap  grade  of  batting  can  be  used  for  stopping  other  apertures. 
Toweling  or  rags  may  be  substituted,  and  after  being  placed  under 
running  water  can  be  dried  and  reused.  Macerated  newspapers 
might  serve  the  purpose,  but  perhaps  the  best,  because  the  most 
secure,  remedy  for  general  use  consists  in  pasting  paper  over  the 
aperture,  uncalendered  paper  of  the  quality  of  cheap  wall  paper  or 
any  comparatively  porous  but  not  pulpy  paper  being  serviceable. 
Newspapers  are  apt  to  be  too  soft  for  this  purpose.  Cracked  panes 
should  be  replaced,  or  paper  may  be  pasted  over  the  apertures. 
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Similar  treatment  should  be  given  to  the  doors  and  ail  other  natural 
outlets,  including  the  cliiinneys,  fireplaces,  flues,  registers,  ventilators, 
cracks  in  the  ceilings  and  walls,  and  accidental  apertures,  such  as  rat 
holes  in  the  floor.     All  of  these  should  be  tightly  closed. 

It  is  always  advisable  that  at  least  two  persons  be  present  for  a  last 
inspection  before  the  final  work  of  liberating  the  gas.  Even  after  all 
preparations  are  made  an  outlet  may  sometimes  be  discovered  that 
has  escaped  notice. 

To  provide  for  quick  and  thorough  ventilation  after  the  process  is 
completed  two  or  more  opposite  windows  should  be  left  unlocked  and 
arranged,  especially  in  the  upper  floors,  so  that  they  may  be  pulled 
down  or  up,  as  the  case  may  be,  by  means  of  a  stout  cord  or  rope  from 
the  outside." 

CLEANING   THE   MILL. 

As  an  initial  step  to  the  fumigation  of  a  mill  or  other  structure 
inhabited  by  the  flour  moth,  it  is  important  to  clean  it  as  thoroughly 
as  possible  and  remove  all  infested  flour  or  other  mill  product  and 
promptly  burn  it,  that  as  many  of  the  caterpillars,  pupee,  and  eggs 
of  the  insect  as  possible  may  be  destroyed.  Most  progressive  millers 
employ  a  system  of  cleaning  out  before  fumigating,  since  before  the 
general  adoption  of  fumigation  methods  in  our  principal  miUing  cen- 
ters the  only  recourse  was  to  close  down  the  mills  (which  it  was 
found  necessary  in  some  cases  to  do  as  often  as  twice  a  week)  and 
clean  out  everything  by  mechanical  means.  It  is  feared,  however, 
that  too  often  the  sweepings  are  not  properly  disposed  of  by  prompt 
burning. 

The  operation  includes  the  cleaning  of  all  spouts,  elevator  legs, 
purifiers,  and  other  parts  of  the  machinery  and  other  equipment,  as 
also  the  walls,  ceilings,  comers — in  fact,  every  portion  of  the  building 
in  which  the  insect  could  find-  lodgment.  The  reason  for  cleaning 
out  at  this  time  is  to  afford  the  gas  a  better  chance  to  penetrate  all 
parts  of  the  building  so  as  to  kill  the  insects  in  their  various  stages. 
Every  particle  of  infested  flour  and  waste  material  which  might  harbor 
the  insect  or  its  eggs  should  be  swept  down  and  out  until  the  mill 
appears  to  be  absolutely  clean.  Then  as  soon  as  possible  thereafter 
the  preliminaries  of  the  actual  fumigation  should  be  undertaken. 

Elevator  and  belt  brush, — For  cleaning  elevators  infested  by  the 

Mediterranean  flour  moth,  Johnson  long  ago  advised  a  brush  similar 

to  the  one  illustrated  (fig.  4).     It  is  made  by  taking  a  piece  of  l^-inch 

board  of  the  same  dimensions  as  the  elevator  cups,  fastening  the 

.  bristles  to  three  sides.     Side  A  is  fastened  to  the  elevator  belt  with  flat- 


oThe  details  of  arrangements  are  considered  in  Circulars  Nos.  37  and  46  of  thia 
Bureau,  which  are  for  gratuitous  distribution. 
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headed  bolts  running  through  the  board,  as  shown  at  BB,  the  bolts 
being  J-inch  or  f-inch.  The  bristles  on  the  sides  CC  should  be  }-inch 
long,  but  those  at  D  should  be  longer,  so  that  a  good  brushing  to  the 
outer  side  of  the  elevator  may  be  secured.  Such  a  brush  can  be  made 
to  fit  any  size  of  elevator.  As  it  has  been  in  use  for  many  years 
and  is  stDl  advised  by  the  American  Miller  to  correspondents,  it  is 
necessarily  of  value,  and  something  similar  should  be  used  in  every 
mill. 

Cleaning  by  suction. — For  a  long  time  the  writer  has  been  endeavor- 
ing to  ascertain  if  millers  have  tried  the  system  of  vacuum  cleaning 
advertised  in  our  monthly  magazines,  and  has  just  received  word  from 
one  of  these  companies  to  the  effect  that  it  has  only  recently  taken  up 

flour-mill  work.  The  com- 
pany, however,  is  satisfied, 
beyond  any  question  of  a 
doubt,  that  their  system 
will  clean  a  flour  mill  more 
cheaply  than  can  be  done 
by  any  other  process.  Con- 
sicterable  experimental 
work  is  being  done  in  some 
of  the  principal  mills  at 
Minneapolis,  and  in  one  of 
these  a  plant  was  installed 
some  time  ago.  The  diffi- 
culty in  this  case  is  that 
the  steam  pressure  is  not 
sufficient  to  work  one  of  the 
aspirator  systems,  and  this 
matter  is  now  being  inves- 
tigated with  a  view  to  changing  the  plant  to  another  mill  where  suit- 
able conditions  can  be  obtained. 


Fig.  4. 


-Elevator   and   belt  brush,  for  cleaninf^  elevators 
infested  by  the  Mediterranean  flour  moth. 


METHOD   OF   ''STRINGING       A    BUILDING   FOR   FUMIGATION. 

While  the  *' stringing '*  method  of  fumigating  mills  and  other  large 
buildings  is  scarcely  necessary,  there  are  some  persons  who  may  wish 
information  in  regard  to  it.  The  strings  are  arranged  so  as  to  hang 
directly  over  each  generator,  and  are  carried  through  screw  eyes  in 
the  ceilil^  or  woodwork  to  dgors  or  stairways  leading  out  of  the 
room  to  be  treated.  The  screw  eyes  should  be  firmly  secured,  and 
the  best  quality  of  cord  of  the  proper  size  should  be  employed. 
The  bags  containing  the  cyanid  of  potash  are  suspended  directly 
over  the  vessels,  preferably  after  the  acid  is  added  to  the  water  in  the 
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jar,  care  being  taken  that  there  is  no  danger  of  their  dropping  into 
the  generator  prematurely.  A  small  wire  hook  attached  to  the  end 
of  each  cord  can  be  used,  but  if  the  string  is  tied  fiimly  around  the 
neck  of  the  sack  it  causes  less  trouble  and  is  quite  as  secure.  The 
cords  may  be  so  arranged  that  the  c^^anid  can  all  be  lowered  into 
the  jars  by  one  motion.  The  entire  process  is  well  shown  by  the 
accompanying  illustration  (fig.  5). 

A  more  detailed  description  of  the  ^^ stringing"  process,  by  which 
many  bags  of  cyanid  may  be  lowered  into  the  generators,  would 
require  too  much  space  for  treatment  here.  The  operator,  if  he 
chooses  this  method,  may  use  his  own  devices.     Pulleys  and  screw 


Fia.  5.— Method  of  stringing  a  room  for  fumigating  with  hydrocyanic-acid  gas.    (Original.) 

eyes  are  practically  necessary  in  the  application  of  the  ** stringing" 
method. 

The  method  is  much  used  in  greenhouse  work  and  is  desirable  for 
small  buildings,  ^his  process  of  '' stringing '^  the  building  would 
scarcely  be  fotlnd  profitable  for  mills  or  dwellings,  but  in  greenhouse 
work  fumigation  is  frequently  done  every  week  or  two  and  often 
several  times  a  week,  and  the  equipment  of  screw  eyes,  pulleys,  etc., 
can  remain  in  place  almost  indefinitely. 

Signs  should  be  placed  on  the  doors  of  the  building  that  is  being 
fumigated,  warning  passers-by  of  the  danger,  e.  g.,  "Danger!" 
"Hydrocyanic-acid  gas!"  "Poison!"  The  building  must,  of  course, 
be  vacated  and  neighbors  warned  of  the  nature  of  the  operation. 
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Frequently  these  precautions  are  not  observed,  and  although  no 
casualties  are  on  record  it  is  the' part  of  wisdom  always  to  be  on  the 
safe  side. 

PROCESS   OF   FUMIGATION. 

In  the  process  of  generating  the  gas  the  water  is  usually  measured 
in  a  glass  beaker  indicating  ounces,  and  poured  into  an  earthenware 
crock  or  generator.  To  this  is  added  the  acid,  measured  in  the  same 
beaker,  which  is  slowly  and  gently  poured  into  the  water  to  avoid 
splashing  or  boiling.  The  acid  should  never  be  placed  in  the  genera- 
tors first,  as  advised  by  some  writers,  since  experience  shows  that 
this  is  dangerous,  spattering  being  almost  certain  to  follow.  When 
the  acid  is  poured  into  the  water  in  the  jar  an  ebullition  of  vapor 
sometimes  arises. 

When  the  cyanid  of  potash  is  finally  dropped  into  the  combined 
acid  and  water  mixture  an  ebullition  or  bubbling  also  takes  place 
similar  to  that  which  is  produced  by  a  red-hot  iron  dipped  into  cold 
water.  Next  is  given  off  the  hydrocyanic-acid  gas,  the  most  poi- 
sonous gas  in  common  use.  It  is  colorless  and  has  an  odor  which  is 
likened  to  that  of  peach  kernels."  If  the  fumes  are  inhaled  they  are 
almost  certain  to  prove  fatal;  hence  the  necessity  of  extreme  care 
and  the  advisability  of  two  intelligent  operators  in  this  work.  It  is 
even  advisable,  especially  when  the  first  fumigation  is  undertaken, 
that  one  who  has  had  experience  with  this  method  of  fumigation  be 
present  Hh  give  directions.  The  odor  is  decidedly  metallic,  like  that 
produced  by  striking  two  pieces  of  metal  together,  or  of  metal  against 
stone. 

In  preparing  cyanid  of  potash  for  use  it  should  be  broken  into 
lumps  about  the  size  of  an  egg  or  a  little  smaller,  by  pounding  it  on 
a  stone  in  the  open.  The  cyanid  should  never  be  broken  in  the 
hands  nor  should  it  be  handled  without  rubber  or  leather  gloves. 
The  smaller  fragments,  if  not  too  many,  are  serviceable  when  equally 
apportioned  as  regards  large  and  small  particles,  and  weighed  out 
in  3-pound  lots  and  placed  in  paper  bags  or  sacks. 

The  bags  should  be  of  moderately  thin  paper,  because  if  as  thin  as 
tissue  the  action  of  the  acid  might  be  so  rapid  as  to  constitute  an  ele- 
ment of  danger.  If  too  thick,  action  would  be  delayed  or  checked, 
which  would  militate  against  the  desired  results.  Before  use,  the  bags 
should  be  placed  in  a  can  and  kept  free  from  moisture,  which  the 
cyanid  salt  is  apt  to  absorb  from  the  air,  aflFording  opportunity 
for  leakage  through  the  bag.  In  some  cases,  to  avoid  this  leakage, 
two  thin  bags,  one  within  the  other,  might  be  necessary.  Washburn 
experimented  in  the  use  of  two  sacks  with  the  result  that  at  least 
20  seconds  elapsed  before  the  gas  was  evolved. 

a  The  writer  fails  to  detect  the  resemblance.      ^<-^  -, 
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As  soon  as  all  preliminaries  have  been  arranged  and  the  acid 
has  been  added  to  the  water  in  the  generators,  a  bag  containing  the 
cyanid  should  be  left  at  the  side  of  each  generator. 

After  seeing  that  the  generators  are  placed  in  rows  so  as  to  afford 
opportunity  for  rapid  action  and  the  acid  has  been  added  to  the 
water  in  each  of  the  jars,  begin  operations  in  the  upper  floor  of  the 
building  and  place  the  cyanid  gently  in  each  jar,  passing  from  one 
jar  to  another  as  quickly  as  possible  and  as  quickly  leaving  the  room, 
going  downward  to  the  next  floor,  where  the  process  is  repeated  until 
the  last  floor  or  basement  is  reached,  where  exit  is  made.  The  outer 
doors  should  be  locked  and  a  watchman  stationed  outside  until  the 
process  is  completed. 

This  process  may  be  varied  if  strings  or  stout  cords  are  used  for 
lowering  the  bags  of  cyanid  into  the  jars  from  the  outside,  as  pre- 
viously described. 

A  still  day  should  be  selected  for  fumigation.  In  case  of  a  high 
wind  the  fumes  of  the  gas  will  escape  strongly,  which  will  not  alone 
interfere  with  the  success  of  the  fumigation,  but  may  cause  alarm 
to  neighbors  should  the  building  not  be  an  isolated  one. 

Better  results  are  claimed  for  a  warm  temperature,  say  70°  F. 
or  above,  than  in  a  temperature  as  low  as  50®  F.  or  below.  Under 
50®  most  insects  become  torpid  and  the  effective  action  of  the  chemical 
will  be  diminished,  especially  in  very  low  temperatures. 

The  best  time  that  could  be  chosen,  and  which  is  generally  used 
where  circumstances  permit,  is  during  dayUght  on  a  Saturday  after- 
noon or  very  early  Sunday  morning.  This  gives  a  longer  exposure 
than  can  usually  be  obtained  unless  a  day  preceding  a  hoUday,  when 
all  mill  hands  are  on  vacation,  may  be  chosen.  This  permits  of  a 
full  exposure,  as  in  many  cases  it  removes  the  necessity  of  ventilating 
the  building  until  early  the  following  Monday  morning. 

A  single  fumigation  will  in  most  cases  destroy  all  but  a  few  indi- 
vidual insects,  especially  if  conditions  are  favorable.  As  a  rule,  how- 
ever, it  is  only  a  matter  of  a  few  days  or  weeks  before  the  moths  may 
be  seen  beginning  to  fly  about  the  building  or  resting  on  the  walls 
and  machinery.  To  guard  against  reinfestation,  therefore,  a  second 
treatment  must  be  given,  at  the  end  of  the  third  to  the  fourth  week, 
according  to  the  number  of  moths  which  may  have  issued  in  the  mean- 
time. If  after  the  expiration  of  another  interval  the  insects  are  still 
present  a  third  fumigation  may  be  necessary.  A  third  treatment  is 
not  usually  required,  however. 

Most  millers  who  practice  this  method  of  fumigating  employ  it 
once  a  year,  some  at  the  intervals  above  stated,  others  at  intervals 
of  six  months.  One  Michigan  miller  claims  that  in  his  case  after  one 
thorough  fumigation  it  is  unnecessary  to  repeat  the  process  until 
two  years  have  elapsed. 
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The  cans  or  other  receptacles  containing  the  cyanid  of  potash 
should  be  plainly  labeled  " Poison !''  and  each  operator  should 
become  thoroughly  famiUar  with  the  dangers  which  may  attend  a 
failure  to  carry  out  directions  expUcitly. 

POSSIBLE   DANGERS    IN   USE. 

As  soon  as  the  bag  containing  the  cyanid  is  dropped  into  the 
generator  the  operator  passes  quickly  to  thfe  next  generator,  and  so 
on.  It  is  not  safe  to  linger  under  any  circumstances  or  to  return  in 
case  of  any  omission.  Any  deviation  from  the  set  rules  may  mean 
the  loss  of  life. 

The  residue  in  the  fumigating  generator  after  the  operation  is 
completed  consists  of  sulphate  of  potash,  sulphuric  acid,  and  water. 
Sometimes  if  the  chemicals  are  not  of  the  proper  strength  or  are  not 
properly  combined  a  certain  amount  of  cyanid  of  potash  remains  and 
hydrocyanic-acid  gas  is  given  off.  This  residue  is  an  element  of 
danger  and  should  not  be  left  in  the  generators  after  use,  but  promptly 
poured  or  thrown  into  a  sewer  trap  or  buried.  The  generator  should 
then  be  thoroughly  cleaned  in  running  water. 

A  question  often  asked  by  persons  contemplating  the  employment 
of  the  hydrocyanic-acid  gas  method  of  treating  buildings  is  as  to 
whether  it  is  dangerous  to  the  contents.  It  is  apt  to  tarnish,  though 
not  permanently,  polished  brass  and  nickel  when  exposed  to  its  action. 
Where  such  fittings  can  be  conveniently  removed  it  will  save  trouble, 
otherwise  they  may  be  treated  after  fumigation  as  if  tarnished 
through  any  other  cause.  Liquid  or  moist  food  materials,  such  as 
milk  or  meats,  are  apt  to  absorb  the  gas  and  should  therefore  be 
removed. 

It  is  not  positively  known  that  fires  are  an  element  of  danger,  but 
persons  experienced  with  this  process  are  united  in  the  opinion  that 
to  avoid  the  possibility  of  risks  all  fires,  gas  jets,  and  the  Uke  should 
be  turned  off.  There  is  a  possibility  of  explosion  when  a  gas  is  gen- 
erated in  a  tight  inclosure,  hence  the  precaution. 

GENERAL   CAUTIONS. 

After  what  has  been  said  of  the  deadly  nature  of  hydrocyanic-acid 
gas  it  should  be  added  that  there  is  really  no  danger  if  the  directions 
given  in  this  pubUcation  are  carefully  carried  out  to  the  letter  and 
the  vapor  is  not  inhaled.  Even  to  taste  the  salt  might  have  fatal 
results,  and  it  is  dangerous  to  inhale  much  gas,  as  this  might  cause 
asphyxiation  and  death.**    Undoubtedly  thousands  of  successful  fumi- 

(^  Scores  of  entomologisU  and  others,  includiDg  many  employees  of  the  Department 
of  Agriculture,  have  successfully  used  this  gas  for  fumigating  rooms  and  buildings. 
It  is  in  general  use  as  a  greenhouse  fumigant  and  for  nursery  stock  and  the  names  of  a 
hundred  persons  could  be  mentioned  who  have  had  practical  experiepQe  with  it. 
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gations  have  been  made  of  inclosures  and  as  yet  no  fatalities  have 
resulted.  Yet  it  is  worth  remembering  that  oi>erators  after  making 
numbers  of  fumigations  are  apt  to  become  careless,  a  tendency  which 
should  be  avoided. 

One  form  of  accident  should  be  mentioned,  however.  If  a  matting 
of  newspapers  or  similar  material  is  not  placed  under  each  fumigating 
jar,  or  if  the  water  is  added  to  the  acid,  instead  of  the  reverse  as 
advised  in  this  publication,  the  acid  is  apt  to  run  over  the  generator 
and  injure  the  floor  or  splash  upon  the  clothing  or  even  the  hands  of 
the  operator.**  Such  accidents  have  happened,  and  to  provide  against 
this  contingency  a  bottle  of  dilute  ammonia  should  be  at  hand. 

If  care  is  observed  in  labeling  the  receptacles  containing  the 
chemicals,  if  the  operators  before  using  this  method  become  thor- 
oughly conversant  with  it,  and  if  signs  are  placed  on  the  doors  of  the 
buildings,  the  chances  of  accident  will  be  reduced  to  a  minimum  if 
not  entirely  eliminated.  After  fumigation  buildings  should  never  be 
entered  until  at  least  a  half  hour  (an  hour  or  two  is  safer)  has  elapsed 
after  the  doors  and  windows  have  been  opened  for  ventilation,  and 
under  no  consideration  should  an  operator  return  to  the  place  just 
vacated  when  the  operation  is  under  way. 

SUMMARY  OF  OPEKATION8  AND  PRECAUTIONS. 

1.  Use  pure  chemicals,  generators  as  prescribed,  and  paper  Sags 
of  proper  quaUty. 

2.  Make  every  portion  of  building  as  nearly  gastight  as  possible. 

3.  Make  first  fumigation  10  ounces  to  1,000  cubic  feet  of  space, 
unless  building  is  unusually  loose,  in  which  case  more  must  be  used. 

4.  Repeat  fumigation  at  end  of  three  or  four  weeks  if  moths  begin 
flying  or  other  evidence  of  infestation  is  shown. 

5.  Measure  every  portion  of  building  carefully  for  calculation  of 
the  proportions  of  chemicals. 

6.  Operators  should  be  intelligent  and  reUable.  Any  bookkeeper 
can  readily  calculate  the  cubic  contents  and  proportions  of  chemicals 
to  use.     Careless  men  should  not  be  employed. 

7.  Precautions  should  be  made  for  prompt  ventilation  from  with- 
out, after  fumigation. 

«  During  July,  1909,  a  Michigan  miller  reported  that  while  using  35  crocks  as  gener- 
ators, 14  of  them  boiled  over,  the  contents  soiling  the  floor  badly.  The  explanation 
in  this  case  was  twofold:  First,  the  cyanid  was  broken  into  too  small  lumps,  described 
as  about  the  size  of  coffee  berries,  and  the  floors  on  which  the  boiling  over  was  worst 
were  the  two  upper  ones,  while  no  accident  happened  in  the  basement.  This  hap- 
pened during  very  warm  weather,  the  top  floors  being  hot  while  the  basement  was 
naturally  cool.  The  miller  reported  the  boiling  over  as  follow?:  Seven  out  of  10  on 
the  third  floor,  5  out  of  10  on  the  second,  2  out  of  9  on  the  first,  none  in  the  basement. 
[Cir.  1121  ^  T 
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8.  Danger  signs  should  be  placed  in  position  and  a  watchman  sta- 
tioned outside  until  the  operation  is  concluded. 

9.  Before  fumigating  clean  out  the  mills  thoroughly  and  provide 
for  the  penetration  of  the  gas  to  every  portion  by  moving  bags, 
boxes,  etc. 

10.  Do  not  fumigate  in  a  high  wind  or  in  a  low  temperature. 
Between  65*^  and  85°  F.  should  produce  the  best  results. 

11.  Begin  operations  in  the  upper  floors  and  pass  quickly  down- 
ward, placing  the  cyanid  gently  in  each  jar. 

12.  Fumigate  preferably  on  a  Saturday  afternoon,  lock  the  doors 
after  operations  are  completed,  and  expose  from  twenty-four  to 
thirty-six  hours  if  possible. 

13.  Never  reverse  the  order  of  procedure.  Always  pour  in  the 
water  first,  next  the  acid,  and  lastly  put  in  the  cyanid  in  bags. 

14.  The  operator  should  never  return  to  the  building  after  the 
first  fumes  begin  to  issue. 

15.  Everyone  connected  with  the  fumigation  should  constantly 
bear  in  mind  the  deadly  nature  of  the  cyanid  and  the  gas  and  be  con- 
versant with  the  process  and  the  necessity  of  caution  before  the  gas 
is  evolved. 

ORDER   OF   PROCEDURE    IN    FUMIGATION. 

Briefly,  the  fumigation  of  a  mill  or  granary  includes  the  following 
steps: 

1.  Measuring  the  mill  and  computing  the  amount  of  chemicals 
and  number  of  generators  required. 

2.  Securing  the  chemicals  and  the  generating  jars. 

3.  Preparation  of  the  mill,  including  cleaning,  sealing  up  as  nearly 
air-tight  as  possible,  and  arrangement  for  ventilation  from  without 
after  the  conclusion  of  the  fumigation,  and  preparing  signs. 

4.  Distribution  of  jars  and  measiiring  into  each  the  proper  amount 
of  water. 

5.  Breaking  up  the  cyanid  and  weighing  and  placing  it  in  3-poimd 
lots  in  sacks,  temporarily  storing  it  in  tightly  covered  tin  cans, 
preferably  a  can  for  each  floor. 

6.  Measming  out  the  acid  and  adding  to  water  in  jars. 

7.  Placing  a  bag  of  cyanid  in  each  jar,  beginning  with  the  top 
floor. 

8.  Tightly  closing  and  locking  the  building  and  seeing  that  all 
warning  signs  are  in  place,  and,  if  necessary,  stationing  a  watchman 
without  to  guard  the  building  from  entrance. 

9.  Opening  the  building  from  without  for  ventilation. 

10.  The  collection  and  disposal,  in  the  sewer  or  in  a  pit,  of  the 
residue,  the  cleaning  of  generators,  and  sweeping  out  dead  insects 
and  other  d6bris  before  resuming  work.  ^  ^ 
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EFFECT  OF  HYDBOCYANIC-ACID  GAS  FIJMIGATI6n  ON  SEED  MATERIAL. 

As  to  the  effect  of  hydrocyanic-acid  gas  on  the  germination  of 
seeds,  a  series  of  tests  was  conducted  by  Dr.  C.  O.  Townsend,  now 
of  this  Department,  when  connected  with  the  Maryland  state  horti- 
cultural department,  with  the  resulting  conclusion  that  dry  grains 
and  other  seeds  can  be  treated  with  hydrocyanic-acid  gas  for  insect 
pests  at  the  usual  strength  and  time,  or  even  for  several  days,  without 
in  any  way  poisoning  the  grain,  from  which  it  was  deduced  that  in 
the  ordinary  process  this  method  of  fumigation  can  be  employed 
without  injuring  seeds  either  for  planting  or  as  food.  Damp  graiiis 
and  other  seeds,  however,  are  more  susceptible  to  the  influence  of 
hydrocyanic-acid  gas,  and  some  precaution  must  be  observed  in  such 
cases  to  avoid  moisture. 

OTHER  REMEDIES. 

While  the  object  of  the  present  circular  is  to  furnish  information 
for  the  fumigation  of  mills  and  other  buildings  by  hydrocyanic-acid 
gas  as  a  remedy  for  the  flour  moth,  it  would  be  unwise  to  omit  stat- 
ing that  there  are  several  other  good  remedies,  which,  however,  are 
not  always  possible  of  appUcation. 

Bisvlphid  of  carbon. — One  of  these  is  bisulphid  of  carbon,  especially 
for  small  inclosures.  It  is  claimed  by  some  millers  to  be  of  value  for 
a  first  fumigation,  following  with  hydrocyanic-acid  gas.**  When 
forced  into  the  spouts,  machinery,  and  other  portions  of  the  mill,  it 
is  a  factor  in  kiUing  the  moth  and  other  insects. 

Cleardiness, — ^The  maintenance  of  scrupulous  cleanUness  through- 
out the  mill  undoubtedly  does  much  toward  preventing  the  introduc- 
tion of  the  flour  moth  as  well  as  in  restraining  its  increase  after  it 
has  once  obtained  a  foothold  in  the  mill.  Directions  for  cleaning 
have  been  given  on  page  13.  Prominent  millers  in  some  of  our  large 
cities,  e.  g.,  in  Louisville,  Ky.,  and  in  Kansas  City,  Mo.,  as  elsewhere, 
have  attributed  immunity  from  the  flour  moth  to  the  fact  that  they 
maintain  the  most  rigid  system  of  deanUness  in  their  mills. 

SvZphur  was  used  somewhat  extensively  as  a  remedy  for  the  flour 
moth  several  years  before  the  general  employment  of  hydrocyanic- 
acid  gas,  and  it  is  still  valuable  and  in  constant  use  by  millers  in  some 
States.    Lack  of  space  prevents  further  discussion  of  this  method. 

Freezing  is  an  inexpensive  and  valuable  remedy  where  practicable. 
Where  an  infested  mill  can  be  left  open  to  a  temperature  of  zero  or 
lower,  three  to  ten  nights  of  such  exposure  continuously  or  at  inter- 

o  Details  in  regard  to  the  employment  of  bisulphid  of  carbon  for  fumigating  build- 
ings are  given  in  Farmers'  Bulletin  No.  145,  pp.  19-20.  Other  valuable  information 
regarding  this  insecticide  is  also  furnished.  Copies  may  be  obtained  gratis  on  appli- 
cation to  Members  of  Congress  or  to  the  Secretary  of  Agriculture. 
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vals  will  be  found  eflFective  in  destroying  the  flour  moth  in  its  dif- 
ferent stages,  unless  the  mill  or  other  building  happens  to  be  a  heated 
one.  The  moths  are  not  apt  to  breed  to  any  extent  during  the 
winter,  hence  there  are  few  eggs  to  deal  with  at  this  time.  In  north- 
em  mills  which  have  been  much  affected  by  this  insect,  especially  in 
Minnesota  and  Canada,  where  the  temperature  is  frequently  20®  to 
30°  F.  below  zero,  this  method  of  destroying  the  pest  has  been  pur- 
sued with  most  excellent  results.  Speaking  generally,  it  should  be 
practiced  wherever  the  temperature  warrants  the  process.  There  are, 
of  course,  southern  mills,  e.  g.,  in  Kansas  and  Texas,  where  this 
method  would  not  meet  with  much  success. 

Approved: 

James  Wilson, 

Secretary  of  Agriculture . 

Washington,  D.  C,  January  22, 1910. 
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Issued  November  13, 1909. 


United  States  Department  of  Agriculture, 

BUREAU  OP  ENTOMOLOGY, 
L.  O.  HOWARD,  EntomoloiriBt  and  Chief  of  Bureau. 


THE  CHINCH  BUG. 

{Blissus  leucopterus  Say.) 

By  F.  M.  Webster, 
In  Charge  of  Cereal  and  Forage  Insect  Investigations. 

INTRODUCTION. 

Few  insects,  and  certainly  no  other  species  of  the  natural  order  to 
which  tliis  one  belongs,  have  caused  such  enormous  pecuniary  losses 
as  has  the  chinch  bug  (Blissus  leucopterus 
Say)  (fig.  1).  No  other  insect  native  to  the 
Western  Hemisphere  has  spread  its  devastat- 
ing hordes  over  a  wider  area  of  country  (see 
map,  fig.  7)  with  more  fatal  effects  to  the 
staple  grains  of  North  America  than  has  this 
one.  But  for  the  extreme  susceptibiHty  of 
the  very  young  to  destruction  by  drenching 
rains  and  to  the  less,  though  not  insignificant, 
fatal  effect  during  rainy  seasons  of  the  para- 
sitic fungus  Sporoirichum  glohvJiferum  Speg., 
on  both  the  adults  and  young,  the  practice  of 
raising  grain  year  after  year  on  the  same 
areas,  as  is  followed  in  some  parts  of  the 
United  States,  would  become  altogether  un- 
profitable. Some  of  this  insect's  own  habits,  emphasizing  as  they  do 
the  effects  of  meteorological  conditions,  are  among  the  most  potent 
influences  that  serve  to  hold  it  within  bounds  by  giving  its  tendency 
to  excessive  increase  a  decidedly  spasmodic  character. 
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FiQ.  1.— Chinch  hug  (Bliaaus  Uu- 
coplerus):  Adult  of  long-winged 
form,  much  enlarged.  (Authdt'a 
illustration.) 


DESCRIPTIONS   OF  THE   DIFFERENT   STAGES. 

The  egg  (fig.  3,  a,  6). — The  average  length  of  the  egg  is  three 
one-hundredtlis  of  an  inch ;  in  shape  it  is  elongate-oval,  the  diameter 
being  scarcely  one-fifth  the  length.  The  top  is  squarely  docked  and 
surmounted  with  four  small,   rounded  tubercles  near  the  center. 


Fio.  2.— Clilnch  bug:  Adults  of  sbort-winged  form,  mvch  enlarged.    (  Author's  Ulustratfon.) 

When  newly  deposited  the  Qgg  is  pale  or  whitish  and  translucent,  but 
with  ago  it  acquires  an  amber  color,  and  finally  shows  the  red  parts 
of  the  embryo  within,  and  especially  the  eyes  toward  the  tubercled 
end.  The  size  increases  somewhat  after  deposition,  and  the  length 
will  sometimes  reach  nearly  four  one-hundredths  of  an  inch. 

Larval  stages  (fig.  3,  c,  d, 
6,  /). — The  newly  hatched 
larva,  or  nymph,  is  pale  yel- 
low, with  simply  an  orange 
stain  on  the  middle  of  the 
three  larger  abdominal 
joints.  The  form  scarcely 
differs  from  that  of  the  ma- 
ture bug,  being  but  slightly 
more  elongate;  but  the 
tarsi  have  only  two  joints, 
and  the  head  is  relatively 
broader  and  more  rounded, 
while  the  joints  of  the  body 
are  subequal,  the  prothoracic  joint  being  but  slightly  longer  than  any 
of  the  rest.  The  red  color  soon  pervades  the  whole  body,  except 
the  first  two  abdominal  joints,  which  remain  yellowish,  and  the  legs 
and  antenna?,  which  remain  pale. 

After  the  first  molt  the  red  becomes  bright  vermilion,  contrasting 
strongly  with  the  pale  band  across  the  middle  of  the  body,  the  pro- 
thoracic  joint  is  relatively  longer,  and  the  metathoracic  shorter.     The 
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Fig.  3.— Chinch  bug:  a,  b,  Eggs;  c,  newly  hatched  larva, 
or  nymph;  d,  Its  tarsus;  e,  larva  after  first  molt;  /,  same 
after  second  molt;  g,  last-stage  larva;  the  natural  sises  In- 
dicated at  sides;  h,  enlarged  leg  of  perfect  bug;  ;,  tarsus  of 
same,  still  more  enlarged;  i,  proboscis  or  beak,  enlarged. 
(From  Riley.) 


head  and  prothorax  are  dusky  and  coriaceous,  and  two  broad  marks 
on  mesothorax,  two  smaller  ones  on  metathorax,  two  on  the  fourth 
and  fifth  abdominal  sutures,  and  one  at  tip  of  abdomen  are  generally- 
visible,  but  sometimes  obsolete;  the  third  and  fourth  joints  of 
antennae  are  dusky,  but  the  legs  are  still  pale.  After  the  second 
molt  the  head  and  thorax  are  quite  dusky  and  the  abdomen  duller 
red,  but  the  pale  transverse  band  is  still  distinct;  the  wing-pads 
become  apparent,  the  members  are  more  dusky,  there  is  a  dark-red 
shade  on  the  fourth  and  fifth  abdominal  joints,  and,  ventrally,  a 
distinct  circular  dusky  spot,  covering  the  last  three  joints. 

The  last-stage  larva  (fig.  3,  g). — In  the  last-stage  larva,  or  nymph, 
sometimes  called  the  **pupa,"  all  the  coriaceous  parts  are  brown- 
black,  the  wing-pads  extend  almost  across  the  two  pale  abdominal 
joints,  which  are  now  more  dingy,  while  the  general  color  of  the 
abdomen  is  dingy  gray;  the  body  above  is  slightly  pubescent,  the 
members  are  colored  as  in  the  mature  bug,  the  three- jointed  tarsus 
is  foreshadowed,  and  the  dark  homy  spots  at  tip  of  abdomen,  both 
above  and  below,  are  larger. 

The  aduU, — ^There  are  two  forms  of  the  fully  developed  insect,  but 
it  is  not  known  that  the  young  of  these  two  forms  differ  in  any  respect. 
One  of  these  forms  is  known  as  the  long- winged  form  and  is  the  only 
form  that  occurs  over  most  of  the  country  between  the  Rocky 
Mountains  and  the  Allegheny  Mountains,  and  is  the  one  originally 
described.     This  form  is  illustrated  in  figure  1. 

The  second  form  is  much  Uke  the  first,  with  the  exception  of  the 
wings,  which  are  more  or  less  abbreviated,  as  shown  in  figure  2. 
This  form  occurs  along  the  seacoasts  and  in  the  East  extends  inland 
along  the  lower  lakes  to  northern  Illinois.  It  is  not'  abundant, 
however,  west  of  a  line  drawn  from  Toledo,  Ohio,  to  Pittsburg,  Pa. 
Throughout  the  territory  in  which  this  short-winged  form  is  found 
there  are  also  intermingled  with  them  individuals  of  the  long-winged 
form.  Both  of  these  forms  may  be  described  as  black,  with  numerous 
hairs  also  black,  and  with  the  under  wings  white.  The  upper  wings 
are  whitish,  with  a  black  spot  on  each.  They  are  about  one-fifth  of 
an  inch  or  less  in  length  and  may  be  easily  recognized  by  the  accom- 
panying illustrations  (figs.  1,  2,  3,  h,  i,  j). 

SEASONAL  HISTORY. 

Over  the  territory  covered  by  the  long-winged  form,  as  previously 
given,  the  insect  has  two  generations  each  year.  The  young  of  the 
first  generation  appear  in  May  and  June,  and  those  of  the  second 
generation  in  August  and  perhaps  as  late  as  September.  The  adult 
insects  (figs.  1,  2)  pass  the  winter  among  matted  grass,  fallen  leaves, 
and  other  rubbish,  and  come  forth  from  their  hiding  in  spiing  and 
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spread  to  the  grain  field,  where  they  deposit  their  eggs.     After  the 
eggs  are  hatched  the  old  bugs  die,  and  the  young  hatching  from  these 


FiQ.  4.— Com  plant  2  feet  tall  Infested  with  chinch  bugs.    (Author's  lllostration.) 

eggs  cluster  upon  the  plants  and  begin  at  once  to  Hve  upon  the  juices. 
Figure  4  illustrates  a  com  plant  with  the  chinch  bugs  clustering 
upon  it.     The  egg-laying  season  extends  over  .a  considerable  period 
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and  chinch  bugs  of  all  ages,  sizes,  and  colors  are  found  intermingled. 
By  August  the  majority  of  the  first  generation  have  reached  the  adult 
stage,  at  which  time  the  eggs  are  deposited  for  the  second  generation, 
which  hatches  and  matures  like  the  previous  one,  nearly  all  indi- 
viduals reaching  their  full  development  by  late  fall  or  early  winter. 
In  the  eastern  portion  of  the  country,  where  the  short-winged  form 
prevails,  it  is  doubtful  if  there  is  more  than  a  single  generation  annu- 
ally. This  short-winged  form  differs  very  much  in  its  habits  from  the 
long-winged  form,  the  first  passing  the  winter  in  the  meadows,  which 
it  usually  attacks  in  preference  to  grain  crops,  while  with  the  long- 
winged  form,  during  the  period  known  as  the  Indian  summer,  the 
developed  bugs  may  be  observed  flying  about,  evidently  searching 
for  winter  quarters.  With  the  short-winged  form  these  migrations 
to  and  from  the  places  of  hibernation  are  impossible,  the  insects  being 
totally  incapable  of  flying  because  of  their  short  wings.  A  hint  of 
this  characteristic  may  be  witnessed  in  the  case  of  the  exclusively 
long-winged  form,  for  in  migrating  from  one  field  to  another,  even 
though  fully  half  of  the  individuals  may  have  fully  developed  wings, 
ample  for  flight,  they  often  travel  on  foot  with  the  young,  even  going 
considerable  distances  from  one  field  to  another. 

Throughout  the  Middle  West,  then,  where  this  insect  does  its  great- 
est injury,  the  crops  suffer  from  two  attacks  annually,  although  the 
later  one  is  seldom  noticed.  It  must  be  remembered,  however,  that, 
although  attracting  little  or  no  attention,  this  later  attack  is  of  the 
utmost  importance,  for,  if  there  are  but  few  of  the  second  generation 
developing  to  adults,  there  can  be  no  serious  outbreak  the  following 
spring.  If,  on  the  other  hand,  there  are  enormous  numbers  of  adults 
developing  in  the  fall  and  going  into  winter  quarters,  there  is  a  proba- 
bility that,  with  weather  during  April  and  May  favorable  for  their 
development,  there  will  be  an  excessive  abundance  the  following  year. 
It  must  be  remembered  that  each  female  of  the  species  is  capable 
of  laying  from  1  to  500  eggs,  and  she  will  scatter  them  during  a  period 
of  from  two  to  three  weeks.  The  time  required  for  the  eggs  to  hatch 
is  from  about  ten  days  to  three  weeks,  and  it  requires  about  forty  days 
for  the  young  to  become  fully  developed  after  hatching  from  the  egg. 

HIBERNATION. 

While  the  matter  of  winter  quarters  has  been  previously  mentioned 
in  a  general  way,  the  winter  habit  of  the  pest  is  of  such  importance 
that  this  phase  of  its  life  history  is  deserving  of  full  explanation. 
Again  and  again  serious  and  destructive  outbreaks  of  the  pest  in  wheat 
fields  have  been  traced  directly  to  the  influence  of  shocks  of  com 
fodder  allowed  to  stand  in  the  fields  throughout  the  winter.  The 
chinch  bugs  which  flocked  to  these  com  shocks  the  previous^utumn 
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were  protected  throughout  the  winter,  migrating  from  them  in  the 
Bpring  and  spreading  over  the  wheat  field.  In  other  cases  destructive 
outbreaks  have  been  traced  directly  to  woodlands  bordering  upon  the 
fields,  the  chinch  bugs  beginning  their  destruction  along  the  margins 
of  the  fields  nearest  to  the  woodlands,  having  passed  the  winter 
among  the  fallen  leaves.  So,  too,  have  destructive  outbreaks  in  the 
Middle  West  been  traced  to  the  matted  grass  and  fallen  leaves  border- 
ing hedges  of  Osage  orange  (fig.  5).  The  farmer  must  understand 
that  it  is  to  such  places  as  these  that  the  chinch  bugs  flock  in  the  fall, 
and  whatever  measures  can  be  eflfected  to  prevent  their  wintering 


Fio.  5.— A  road  between  two  farms,  with  neglected  hedges  on  either  side  affording  ample  protection  for 
destructive  Insects  during  winter.     ( Author's  illustration ). 

about  his  fields  in  this  manner  will  be  measures  of  protection  to  his 
crop  from  attacks  of  their  oflfspring  in  the  following  year. 

In  the  timothy  meadows  of  New  England,  New  York,  and  northern 
Ohio  these  conditions  are  of  less  importance,  because  there  the  insects 
pass  the  winter  largely  in  the  meadows  themselves,  and  do  not 
migrate  to  or  from  these  places,  except  to  travel  on  foot.  Chinch 
bugs  will  stand  almost  any  degree  of  cold,  provided  it  is  continuous 
and  they  are  fairly  well  protected  from  sudden  changes.  Thus  it  is 
that  the  farmer  may  be  able  to  take  advantage  of  their  hibernation 
to  deal  a  disastrous  blow  to  their  occurrence  in  his  fields  during  late 
spring  and  early  summer. 
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FOOD   PLANTS. 

Over  the  western  country  the  major  portion  of  the  damage  is  that 
accompUshed  in  fields  of  wheat,  barley,  rye,  and  com,  the  outbreak 
generally  originating  in  wheat  or  barley  fields  and  the  bugs  migrating 
at  harvest  to  the  cornfields.  In  the  eastern  part  of  the  country, 
where  the  timothy  meadows  are  the  most  seriously  infested,  this  is 
not  the  case,  and  here  the  migrations  are  as  likely  to  be  to  the  timothy 
meadows  as  to  the  fields  of  com  where  both  are  equally  within  reach. 
Rye  and  oats  are  less  liable  to  infestation.  The  chinch  bugs  attack 
sugar  cane  in  Mexico,  according  to  Mr.  Albert  Koebele.  They  are 
known  to  attack  the  following  grasses:  Forked  beard-grass  {Andropo- 
gon  furcatus) ,  broom  beard-grass  (A.  scoparitLs),  oat-grass  {ArrJiena- 
therum),  bur-grass  ( Cenchrus  tribuloides) ,  millet,  witch  grass  (Panicum 
capiUare),  barnyard  grass  (Panicum  crus-gaUi),  PTiragmites  sp?,  sor- 
ghimi,  kafc  com,  large  crab-grass  (SyrUherisma  sanguinalis)^  timothy, 
yellow  foxtail  ( /ropAoru*  glaucus),  green  foxtail-grass  (/.  viridis),  Ber- 
muda grass  ( Capriola  ddctylon),  and  what  is  locally  known  in  Florida 
as  St.  Augustine  grass.  Prof.  Lawrence  Bruner  has  also  found  it 
feeding  upon  so-called  buckwheat  {Polygonum  dumetorum  or  P,  con- 
volvulus). 

It  will  thus  be  seen  that  the  insect  has  an  ample  food  supply  outside 
of  the  cultivated  fields. 

LOSSES   CAUSED   BY   CHINCH   BUGS. 

It  would  appear  that  this  pest  first  made  its  presence  known  by 
its  ravages  in  the  wheat  fields  of  the  North  Carolina  farmers,  for  we 
are  told  that  "in  1785  the  fields  in  this  State  were  so  overrun  with 
them  as  to  threaten  a  total  destruction  of  the  grain.  And  at  length 
the  crops  were  so  destroyed  in  some  districts  that  farmers  were  obliged 
to  abandon  the  sowing  of  wheat.  It  was  four  or  five  years  that  they 
continued  so  numerous  at  this  time.''* 

In  the  year  1809,  as  stated  by  Mr.  J.  W.  Jefferys,*  the  chinch  bug 
again  became  destructive  in  North  Carolina  to  such  an  extent  that  in 
Orange  County  farmers  were  obliged  to  suspend  the  sowing  of  wheat 
for  two  years.  In  1839  *  the  pest  again  became  destructive  in  the 
Carolines  and  in  Virginia,  where  the  bugs  migrated  from  the  wheat 
fields  at  harvest  to  the  com,  and  in  1840  there  was  a  similar  outbreak, 
and  both  wheat  and  com  were  seriously  injured.  In  all  of  these  cases, 
however,  there  is  no  recorded  estimate  of  the  actual  financial  losses 
resulting  from  the  attacks  of  the  chinch  bug.     According  to  Le  Baron, 

©Webster  on  Pestilence,  Vol.  I,  p.  279.    Not  seen.    Quoted  from  Fitch. 
6  Albany  Cultivator,  first  series,  Vol.  VI,  p.  201. 
cThe  Cultivator,  Vol.  VI,  p.  103. 
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during  the  years  from  1845  to  1850  the  insect  ravaged  Illinois  and 
portions  of  Indiana  and  Wisconsin,  and  in  1854  and  1855  it  again 
worked  serious  injury  in  northern  Illinois.  The  writer's  eariiest  recol- 
lection of  the  chinch  bug  and  its  ravages  in  the  grain  fields  of  the 
settlers  on  the  prairies  dates  from  this  last  outbreak.  Mr.  B.  D. 
Walsh  estimated  the  loss  to  the  farmers  of  Illinois  in  1850  at 
$4,000,000,  or  $4.70  to  every  man,  woman,  and  child  living  in  the 
State. 

In  1863,  1864,  and  1865  the  insect  was  again  destructive  in  Illinois 
and  other  Western  States,  its  ravages  being  especially  severe  in  1864, 
when  we  have  another  attempt  at  computation  of  the  financial  loss. 
Dr.  Henry  Shimer,  of  Mount  Carroll,  111.,  who  had  carefully  studied 
the  chinch  bug,  estimated  that  'Hhree-fourths  of  the  wheat  and  one- 
half  of  the  com  crop  were  destroyed  by  the  pest  throughout  many 
extensive  districts,  comprising  almost  the  entire  Northwest."  In 
criticizing  the  doctor  regarding  another  point,  Walsh  and  Riley  <* 
admit  that  the  estimate  was  "a  reasonable  one,"  and,  taking  it  as  a 
basis,  with  the  actual  cash  price  per  bushel,  computed  the  loss  at 
about  30,000,000  bushels  of  wheat  and  138,000,000  bushels  of  com, 
with  a  total  value  of  both  amounting  to  over  $73,000,000.  Of  course, 
all  computations  of  this  sort  are  necessarily  only  approximately 
correct,  but  there  is  more  likelihood  of  an  underestimate  than  of  an 
overestimate  in  this  case. 

There  was  a  serious  outbreak  of  the  chinch  bug  in  the  West  in  the 
year  1868,  and  again  in  1871,  but  in  1874  the  ravages  were  both  wide- 
spread and  enormous.  Le  Baron  computed  the  loss  in  1871  in  seven 
States,  viz,  Iowa,  Missouri,  Illinois,  Kansas,  Nebraska,  Wisconsin, 
and  Indiana,  at  $30,000,000.  ^  Riley  computed  the  loss  in  Missouri 
alone  in  the  year  1874  at  $19,000,000,  and  added  the  statement  that 
for  the  area  covered  by  Le  Baron  ^s  estimates  in  1871  the  loss  in  1874 
might  safely  be  put  down  as  double,  or  upward  of  $60,000,000.  <^ 
Dr.  Cyrus  Thomas,  however,  estimates  the  loss  to  the  whole  country 
for  the  same  year  at  upward  of  $100,000,000.^ 

The  next  serious  outbreak  of  the  chinch  bug  of  which  we  have  an 
estimate  of  the  losses  occurred  in  1887,  and  covered  more  or  less 
territory  in  the  States  of  Kentucky,  Ohio,  Indiana,  Illinois,  Wisconsin, 
Minnesota,  Iowa,  Missouri,  and  Kansas.  In  this  case  the  damage 
was  estimated  by  the  United  States  statistician,  Mr.  J.  R.  Dodge,  at 
$60,000,000,  the  heaviest  losses  occurring  in  Illinois,  Iowa,  Missouri, 
and  Kansas.*^    This  gives  us  as  the  estimated  loss  in  the  thirty-eight 

a  American  Entomologist,  Vol.  I,  p.  197,  1869. 
b  Second  Report  State  Entomologist  of  Illinois,  p.  144. 
c  Seventh  Report  State  Entomologist  of  Missouri,  pp.  24-25. 
d  Bulletin  No.  5,  U.  S.  Entomological  Commission,  p.  7. 
«  Report  of  U.  S.  Commissioner  of  Agriculture  for  1887,  p.  j56.  t 
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years  from   1850  to   1887,  both  inclusive,   the  enormous  sum  of 
$267,000,000. 

There  was  a  serious  outbreak  in  Kansas,  Iowa,  Minnesota,  and 
Illinois,  having  its  beginning  probably  as  early  as  1892,  but  reaching 
its  maximum  severity,  as  in  Ohio,  in  1896.  The  loss  in  Ohio  during 
the  years  1894,  1895,  1896,  and  1897  could  not  have  fallen  far  short 
of  $2,000,000.  If  we  could  have  careful  estimates  of  the  loss  during 
the  last  fifteen  years  it  would  in  all  probability  swell  the  amount  to 
considerably  in  excess  of  $350,000,000  for  the  period  from  1850  to 
1909.     (See  map,  fig.  6.) 


Fio.  6.— Areas  in  the  United  States  over  which  the  chinch  bug  occurs  in  most  destructive  numbers. 

(Author's  illustration.) 

NATURAL  ENEMIES  OF  THE  CHINCH  BUG. 

Chinch  bugs  have  few  natural  enemies,  none  of  which,  owing, 
perhaps,  to  their  repugnant  odor,  appears  to  be  of  any  very  great 
importance  when  it  comes  to  suppressing  a  serious  invasion.  They 
are  far  more  fortunate  than  most  insects  in  escaping  the  attacks  of 
natural  enemies  that  exert  a  tremendous  influence  in  holding  other 
species  in  check. 

THE  BOBWHTTE  OR  QUAIL. 

Inland,  the  common  "  quail  ^'  or  bob  white  {Colinus  virginianus)  is 
the  only  bird  that  can  be  said  to  devour  the  chinch  bug  in  considerable 
numbers.  It  is  said  that  from  300  to  400  chinch  bugs  have  been 
found  in  the  crops  of  bob  whites;  100,  however,  is  the  largest  number 
found  so  far  by  the  Biological  Survey.  As  the  bobwhite  is  one  of 
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our  most  highly  prized  game  birds,  it  is  slaughtered  amiually  in 
tremendous  nimibers,  frequently  with  no  other  object  in  view  except- 
ing for  gain.  Some  also  are  killed  by  flying  against  electric  wires, 
while  during  severe  winters  entire  coveys  are  sometimes  smothered 
or  frozen  under  the  snow.  As  a  result,  the  helpfulness  Df  the  quail 
against  chinch  bugs  is  greatly  diminished.  It  would  seem  that  as 
important  an  enemy  of  the  chinch  bug  as  this  bird  is  known  to  be 
would  receive  protective  immunity  throughout  the  agricultural 
regions  and  that  farmers  would  see  to  it  that  protective  laws  were 
not  only  enacted  but  also  stringently  enforced. 

The  following  list  will  show  the  degree  of  protection  offered  the 
quail  by  legislative  enactment  in  the  States  where  the  chinch  bug  is 
the  most  destructive  (see  map,  fig.  6).  The  close  seasons  for  quail 
in  the  several  States,  during  which  killing  is  prohibited  by  law,  are 
as  follows  :<* 

Maine,  all  the  year. 

New  York,  December  1  to  November  1,  except  in  Dutchess,  Putnam,  Richmond, 
Rockland,  and  Westchester  counties,  where  it  is  closed  until  1910. 
Pennsylvania,  November  15  to  October  15. 
Ohio,  December  5  to  November  15. 
Indiana,  January  1  to  November  10. 
Illinois,  December  10  to  November  11. 
Minnesota,  December  1  to  October  1. 
Iowa,  December  15  to  November  1. 
Missouri,  January  1  to  November  1. 
Nebraska,  all  the  year. 
Kansas,  December  15  to  November  15. 
Oklahoma,  February  1  to  November  15. 
Texas,  February  1  to  November  1. 

The  breeding  season  from  latitude  38®  northward  to  Canada  begins 
in  May  and  continues  through  July  and  occasionally  into  September. 

OTHER   BIRD   ENEMIES. 

To  what  extent  the  birds  of  the  coast  region  feed  upon  the  chinch 
bug  it  is  impossible  to  say.  However,  among  the  bird  enemies 
of  the  pest  are  the  prairie  chicken,  redwing  blackbird,  catbird, 
brown  thrush  or  thrasher,  meadowlark,  house  wren,  tree  swallow, 
homed  lark,  Arkansas  kingbird,  Traill  flycatcher,  seaside  sparrow, 
savanna  sparrow,  song  sparrow,  tree  sparrow,  and  bam  swallow. 

THE   FROG. 

Dr.  Cyrus  Thomas  quotes  Ross  and  others  as  stating  that  the 
common  frog  is  an  enemy  of  the  chinch  bug.  While  this  is  probably 
true,  it  is  nevertheless  well  known  that  comparatively  few  frogs 
frequent  grain  fields,  as  a  rule,  and  thus  the  benefit  derived  from 
their  attacks  is  of  too  little  importance  to  merit  further  notice. 

• p — I ' 

a  From  Farmers'  Bulletin  No.  376,  pp.  ia-29,  1909.  r^^^^T^ 
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IN8BCT  ENEMIES. 

Of  the  invertebrate  enemies  of  the  chinch  bug  the  same  may  be 
said  as  of  the  frog.  The  writer  has  occasionally  found  a  chinch  bug 
containing  a  species  of  Mermis,  or  "hair  snake."  Occasionally, 
also,  ants  may  be  seen  dragging  these  bugs  away,  while  lady-beetles 
have  sometimes  been  found  to  devour  them,  as  recorded  by  Walsh 
and  Forbes.  Perhaps  the  worst  insect  enemies  of  the  chinch  bug 
are  to  be  found  among  its  comparatively  near  relatives — the  insidious 
flower  bug  (TripUeps  insidiosus  Say),  (Anthoams  pseudo-chinche  of 
Fitch's  Second  Report),  and  MiLyas  dnclua  Fab.,  the  latter  being 
reported  by  Thomas  as  the  most  -efficient  of  the  insect  enemies  of 
this  pest,  while  Riley  found  that  the  former  also  attacked  it.  Pro- 
fessor Forbes  ascertained,  by  examinations  of  the  contents  of  the 
stomach  of  a  groimd  beetle  {Agonoderus  pdUipes  Fab.),  that  one- 
fifth  of  the  total  food  of  this  species  was  composed  of  chinch  bugs. 
Shimer  and  Walsh  both  claim  that  lacewing  ffies  {(Jkrysopa  spp.) 
destroy  chinch  bugs,  and  they  are  doubtless  correct.  The  writer 
has  also  very  often  found  dead  chinch  bugs  entangled  in  spider 
webs,  although  whether  killed  for  food  or  by  accident  it  has  been 
impossible  to  determine. 

NATURAL  CHECKS  OTHER  THAN  ANIMALS. 

There  are  two  natural  checks  to  the  increase  of  the  chinch  bug 
other  than  animal  enemies.  One  of  these  is  vegetable  in  nature,  being 
a  fungus,  the  other  meteorological,  and  the  interrelation  of  the  two 
is  so  close  that  the  former  is  almost  entirely  dependent  upon  the 
latter.  It  will  at  once  be  seen  that  the  chinch  bug,  occurring,  as  it 
does,  from  but  little  north  of  the  equator  to  nearly  a  latitude  of  50^ 
north  and  from  an  elevation  of  upward  of  200  feet  above  the  sea 
level  in  the  Imperial  Valley  of  southern  California  to  an  elevation 
of  upward  of  6,000  feet  in  the  mountain  regions,  must  be  able  to 
withstand  almost  every  conceivable  variation  of  climatic  conditions. 
(See  map,  fig.  7.)  So  far  as  the  influence  of  temperature  is  con- 
cerned, it  is  only  in  the  most  unprotected  situations  that  severe 
winter  weather  appears  to  have  much  eflFect  in  regulating  the  abun- 
dance of  the  pest,  although  frequent  freezing  and  thawing  is  known 
to  be  fatal  to  a  large  percentage  of  the  adults  if  these  occur  in  exposed 
situations.  Thus  temperature  may  practically  be  eliminated  from 
consideration.  It  is*  also  true  that  the  nearly  developed  insect  will 
withstand  not  only  the  humidity  of  the  Tropics,  but  continuous 
drenching  rains  of  more  northern  latitudes.  It  is  at  the  time  of 
hatching  that  the  species  is  most  susceptible  to  meteorological  con- 
ditions. Frequent  drenching  rains  during  the  hatching  season  are 
fatal  to  the  pest  almost  to  the  extent  of  extermination,  aiid>it  is  due 
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to  this  more  than  to  any  other  influence  that  the  chinch  bug  is  kept 
within  the  limits  of  its  present  abundance  and  destructiveness. 
It  matters  little  how  great  a  number  of  these  insects  pass  the  winter 
in  safety,  provided  there  are  sufficiently  prolonged,  drenching  rains 


Fio.  7.— Map  of  North  America  showing  areas  infested  by  chinch  bug.    (Author's  illustration.) 

during  the  hatching  period.  Again,  with  an  excessive  abundance 
of  individuals  developing  from  the  first  generation,  if  at  the  time 
of  the  hatching  of  the  young  of  the  second  generation  there  are 
frequent  drenching  rains,  an  outbreak  the  following  year  is  prevented. 
Thus  it  is  that  although  an  outbreak  may  seem  inevitable  as  the 
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season  for  the^  ravages  of  the  chinch  bug  draws  near,  there  is  often  a 
radical  reduction  instead  of  an  increase  in  numbers.  The  forecasting 
of  chinch-bug  outbreaks  is  therefore  based  wholly  upon  the  fore- 
casting, months  in  advance,  of  meteorological  conditions  that  are 
likely  to  occur  at  certain  periods.  If  the  farmer  would  but  watch 
the  seasons,  he  need  not  be  taken  unawares  by  chinch-bug  outbreaks, 
as  dry  weather  during  the  two  breeding  seasons  is  usually  sufficient 
to  precipitate  an  invasion  the  following  year,  provided  that,  at  the 
critical  period  or  time  of  hatching,  rains  do  not  destroy  the  young. 
The  general  statement  may  be  made  that  throughout  the  Middle 
West  a  dry  June  followed  by  a  dry  August  is  favorable  for  the  develop- 
ment of  chinch  bugs.  These  dates  will  of  course  vary,  and  must  not 
be  applied  to  the  more  southern  or  more  northern  localities. 

PARASITIC  FUNGI. 

The  fact  that  the  abundance  and  consequent  influence  of  fungous 
enemies  of  the  chinch  bug  are  almost  entirely  dependent  upon 
meteorological  conditions  is  sufficient  to  place  them  in  a  secondary 
position,  even  though  they  may,  under  favorable  weather  conditions, 
act  as  natural  checks. 

Dr.  Henry  Shimer*  long  ago  made  the  truthful  and  important 
statement  that  *Hhis  disease  among  the  chinch  bugs  was  associated 
with  the  long-continued  wet,  cloudy,  cool  weather  that  prevailed 
during  a  greater  portion  of  the  period  of  their  development."  These 
are  precisely  the  conditions  under  which  these  fungi  have  been 
observed  to  prove  the  most  fatal  to  the  chinch  bug  during  recent 
years  where  their  introduction  among  the  host  insects  was  accom- 
plished by  artificial  means.  Although  Shimer  probably  never 
anticipated  the  artificial  cultivation  of  his  *' disease"  and  the  results 
which  have  since  been  obtained  from  its  artificial  dissemination  in 
the  fields,  yet  his  careful  and  painstaking  studies  must  ever  be  asso- 
ciated with  the  application  of  fungous  diseases  in  the  destruction 
of  insects  in  America. 

The  principal  fungus  to  be  artificially  employed  in  destroying 
chinch  bugs  has  come  to  be  known  as  the  chinch-bug  fungus  (Sporo- 
trichum  glohuliferum  Speg.),  and  this  is  the  one  used  by  Doctor  Snow 
in  Kansas  for  artificial  introduction  into  localities  where  there  is  an 
overabundance  of  these  bugs. 

Doctors  Roland  Thaxter  and  S.  A.  Forbes  devised  a  method  of 
artificial  cultivation,  the  latter  using  a  basis  of  steriUzed  mixture  of 
beef  broth  and  com  meal.  As  this  fungus  has  many  other  host 
insects,  it  is  probably  present  to  a  greater  or  less  degree  throughout 
the  country  every  year.     There  is  no  doubt  that  during  wet  weather 
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considerable  benefit  may  be  derived  from  the  artificial  cultivation 
and  application  of  this  fungus,  but  its  efficiency  is  very  dependent 
upon  this  meterological  condition,  and,  as  has  already  been  shown, 
chinch  bugs  develop  in  the  greatest  abundance  in  dry  seasons.  It 
will  thus  be  seen  that  only  during  imusual  seasons — that  is  to  say, 
seasons  that  have  been  dry  while  the  chinch  bugs  were  hatching  from 
the  eggs  but  wet  afterwards — can  satisfactory  results  be  expected 
from  this  measure. 

The  effects  of  this  fungus  have  probably  been  overestimated, 
although  there  is  no  doubt  whatever  that  those  who  have  been  most 
instrumental  in  popularizing  this  means  of  destroying  chinch  bugs 
were  thoroughly  sincere  and  honest  in  their  statements.  One  very 
important  element  of  deception  to  the  ordinary  farmer,  when 
assiuning  the  results  of  the  effect  of  this  fungus,  lies  in  the  fact  that 
chinch  bugs,  when  molting  for  the  last  time  and  passing  from  the 
last-stage  larva  to  the  adult,  hide  away  imder  the  sheaths  of  com 
and  other  grain,  and,  casting  the  larval  skin,  make  their  escape, 
leaving  this  behind.  These  cast  skins  will  occur  in  immense  num- 
bers in  such  places  and  frequently  become  covered  with  a  white  mold. 
It  is  almost  impossible  for  anyone  except  an  expert  to  distinguish 
the  difference  between  chinch  bugs  that  have  been  actually  killed 
by  this  fungus  and  Ihe  mass  of  cast  skins  covered  with  ordinary 
mold.  The  uncertainty  as  to  the  effects  of  this  fungus  is  responsible 
for  its  having  fallen  largely  into  disuse  during  recent  years.  It  will 
thus  be  seen  that  this  whole  matter  hinges  upon  meteorological 
conditions  which  are,  as  has  been  stated,  most  powerful  factors  in 
holding  the  chinch  bug  continually  in  check,  and  it  is  following  a 
succession  of  dry  seasons  that  the  pest  commences  to  become  destruc- 
tive. During  seasons  of  excessive  abundance  of  chinch  bugs,  this 
fungus  will  almost  invariably  appear  among  them  in  the  fields,  pro- 
vided that  at  this  time  there  occurs  a  considerable  period  of  wet 
weather. 

REMEDIAL  AND  PREVENTIVE  MEASURES. 

All  remedial  and  preventive  measures  that  have  been  found  to 
possess  the  merit  of  reasonable  efficiency  and  practicability  are 
discussed  in  the  following  pages.  These  may  not  all  prove  appli- 
cable in  all  localities  or  under  every  variety  of  circiunstance,  and  the 
farmer  will  often  have  to  adapt  his  protective  measures  to  weather 
conditions,  location  of  field  and  its  surroundings,  and  to  the  thou- 
sand and  one  other  variations  of  a  similar  nature. 

DESTRUCTION   OF  CHINCH  BUGS  WHILE  IN   HIBERNATION. 

The  first  effort  that  may  be  made  with  a  view  to  warding  off  an 
attack  of  chinch  bugs  is  to  destroy  them  in  their  winter  quarters. 

[Clr.  113]  Digitized  byGoOglC 


15 

This  can  be  accomplished  by  burning  all  dried  grass,  leaves,  or  other 
rubbish  during  winter  or  early  spring.  The  burning  of  all  such 
grass  will  destroy  thousands  of  bugs  in  their  winter  quarters;  but 
sometimes  the  matted  bluegrass  remains  green  in  winter,  or  the 
weather  is  not  sufficiently  dry  to  enable  the  farmer  to  bum  over 
such  places.  In  such  cases  a  flock  of  sheep,  if  given  the  freedom  of 
the  fields  during  winter  and  spring,  will  eat  off  all  Uving  vegetation 
and  trample  the  groimd  with  their  small  feet,  so  that  not  only  is  all 
covering  for  the  bugs  removed,  but  also  the  bugs  are  crushed  to 
death.     So  it  is  with  the  matted  grass  along  roadsides  and  fences. 


FiQ.  8.— Poorly  kept  roadside  with  rail  fence  overgrown  with  brambles,  thus  aUordlng  protection  for 
large  numbers  of  destructive  Insects  during  winter.    (Author's  Illustration. ) 

especially  the  Virginia  worm  rail  fence  (fig.  8) .  The  ease  with  which 
the  narrow  strip  of  grass  land  along  a  post-and-wire  fence  can  be  kept 
free  of  matted  grass  and  leaves,  as  compared  with  that  along  a  hedge 
or  rail  fence,  indicates  that  there  may  be  an  entomological  factor 
connected  with  the  modern  fence  that  has  been  overlooked,  giving 
it,  in  this  respect,  an  advantage  over  the  more  ancient  form.  A 
good  illustration  of  the  fact  that  large  numbers  of  chinch  bugs  may  be 
in  hiding  among  fallen  leaves  in  woods  and  other  places  and  escape 
detection  is  shown  by  the  fact  that  a  quantity  of  dried  leaves  from 
about  a  vineyard  located  on  a  narrow  neck  of  land  about  a  quarter  of 
a  mile  from  the  Bay  of  Sandusky  on  the  one  side,  and  about  IJ 
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miles  from  the  shore  of  Lake  Erie  on  the  opposite  side,  was  col- 
lected late  in  April.  At  the  time  of  collecting  the  leaves  only  an 
occasional  chinch  bug  was  to  be  observed,  but  under  a  warm  atmos- 
phere they  began  to  bestir  themselves,  and  soon  demonstrated  that 
there  had  been  a  large  number  ensconced  unseen  among  the  dried 
and  curled,  dead  grape  leaves. 

Shocks  of  fodder  com,  left  in  the  fields  over  winter,  certainly 
afford  protection  for  many  chinch  bugs,  as  will  also  coarse  stable 
manure  spread  on  the  fields  before  the  chinch  bugs  have  selected 
their  place  of  hibernation  in  the  fall.  In  short,  the  first  protective 
measure  to  be  carried  out  is  a  general  cleaning  up  in  winter  or  early 
spring  either  by  burning,  or  pasturing,  or  both. 

SOWING   DECOY  PLATS   OP  ATTRACTIVE   GRAINS   OR  GRASSES   IN    EARLY   SPRING. 

Judging  from  the  manner  in  which  the  overwintered  adults  are 
attracted  to  hills  of  young  com,  wheat  fields,  or  plats  of  panic  and 
foxtail  grasses,  it  has  always  seemed  to  the  writer  practicable  to 
take  advantage  of  this  habit  and  sow  small  patches  of  millet,  Hun- 
garian grass,  spring  wheat,  or  even  corn,  early  in  the  spring  and  thus 
bait  the  adults  as  they  come  forth  from  their  places  of  hibernation. 
Their  instincts  will  prompt  them  to  seek  out  the  places  likely  to 
afford  the  most  desirable  food  supply  for  their  progeny,  and,  if  an  arti- 
ficial supply  can  be  offered  them  that  will  be  more  attractive  than 
that  furnished  by  nature,  the  bugs  will  certainly  not  overlook  the 
fact,  but  will  take  advantage  of  it  to  congregate  and  deposit  their  eggs 
there,  whereupon  eggs,  young,  and  adults  can,  a  little  later,  be 
smnmarily  dealt  with  by  plowing  both  bugs  and  their  food  under 
and  harrowing  and  rolling  the  ground  to  keep  the  former  from 
crawUng  to  the  surface  and  escaping.  The  writer  has  thoroughly 
tested  this  method  in  a  case  where  the  bugs,  young  and  old,  had 
taken  possession  of  a  plat  of  neglected  ground  overrun  with  panic 
grass  (Panicum  crus-gaUi) ,  which,  was  mown  and  promptly  removed 
and  the  ground  plowed,  harrowed,  and  rolled  before  the  bugs  could 
escape,  thus  burjdng  them  beneath  several  inches  of  soil,  out  of  which 
they  were  unable  to  make  their  way.  As  a  consequence  they  were 
almost  totally  annihilated,  hardly  1  per  cent  making  their  escape  to 
an  adjoining  cornfield. 

WATCHFULNESS   DURING   PROTRACTED   PERIODS   OF   DROUGHT. 

It  has  always  appeared  to  the  writer  as  though  a  little  watchfulness 
on  the  part  of  farmers  during  periods  of  drought  might  enable  them 
to  determine  whether  or  not  chinch  bugs  were  present  in  any  con- 
siderable numbers  in  their  fields  in  time  to  interpose  a  strip  of  millet 
between  the  wheat  and  com,  to  be  utilized  later  as  previously  indi- 
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cated.  Instances  have  come  under  observation  where,  in  wheat  fields 
overgrown  with  panic  grass  and  meadow  foxtail,  the  bugs  transferred 
their  attention  to  these  grasses  as  soon  as  the  wheat  was  harvested. 
In  such  cases  a  prompt  plowing  of  the  ground  would  have  placed  the 
depredators  beyond  the  possibility  of  doing  any  serious  injury.  If 
the  weather  at  the  time  is  hot  and  dry,  a  mower  may  be  run  over  the 
stubble  fields  or  along  the  borders  of  them,  cutting  off  grass,  weeds, 
and  stubble,  as  the  case  may  be,  leaving  them  to  dry  in  the  hot  sun, 
when,  in  a  few  hours,  they  will  bum  sufficiently  to  roast  all  bugs 
among  them,  and,  while  not  destroying  every  individual,  this  will 
reduce  their  numbers  to  such  an  extent  that  they  will  be  unable  to 
work  any  serious  injury. 

DIFFICULTY  OF  REACHING   CHINCH   BUGS   IN   MEADOWS. 

There  is,  however,  some  doubt  in  regard  to  the  practicability  of 
applying  these  measures  in  timothy  meadows.  Meadow  lands  can  be 
burned  over  with  perfect  safety  to  either  the  grass  or  clover,  if  done 
while  the  ground  is  frozen,  but  there  is  danger  of  injury  if  burned 
over  in  spring,  and  it  is  somewhat  doubtful  if  the  hibernating  chinch 
bugs  would  be  killed  unless  the  surface  of  the  ground  was  heated  to  a 
degree  that  the  grass  and  clover  plants  would  hardly  be  able  to  with- 
stand. 

Infested  areas  of  meadow  land  could  be  plowed,  it  is  true;  but  the 
work  would  have  to  be  done  very  carefully,  else  the  grass  and  stubble 
would  be  left  to  protrude  above  ground  along  each  furrow  and  con- 
stitute so  many  ladders  by  which  the  chinch  bugs  could  easily  crawl 
out  and  make  their  escape.  Where  the  ground  will  admit  of  sub- 
soiling,  or  where  a  ''jointer"  plow  can  be  used,  this  latter  difficulty 
can  be  easily  overcome.  Usually,  however,  the  chinch  bugs  work  too 
irregularly  in  a  field  to  permit  of  plowing  under  infested  areas  without 
disfiguring  the  field  too  much  for  practical  purposes,  especially  in  the 
case  of  meadows,  unless  it  be  where  the  bugs  have  migrated  en  masse 
from  an  adjoining  field,  when  a  narrow  strip  along  the  border  can 
often  be  sacrificed  to  good  advantage.  In  many  instances  the  drastic 
measure  of  turning  under  a  few  outer  rows  of  corn  with  the  plow  would 
have  saved  as  many  acres  from  destruction.  In  the  majority  of  cases  it 
is  the  fault  of  the  farmer  himself  that  these  measures  are  not  effective, 
as  he  will  seldom  take  the  trouble  to  bum  the  de^d  leaves,  grass,  and 
trash  about  his  premises  at  the  proper  time,  and  when  there  occurs  an 
invasion  of  chinch  bugs,  instead  of  resorting  to  heroic  and  energetic 
measures  to  conquer  them  on  a  small  area,  he  usually  hesitates  and 
delays  in  order  to  determine  whether  or  not  the  attack  is  to  be  a 
serious  one,  and  by  the  time  he  has  decided  which  it  is  to  be  the 
matter  has  gone  too  far,  and  the  chinch  bugs  have  taken  possession 
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of  his  field.  This  is  especially  true  in  the  West,  where  the  bugs  breed 
exclusively  in  the  fields  of  wheat  and  remain  unobserved  until  harvest, 
when  they  suddenly  and  without  warning  precipitate  themselves  upon 
the  growing  corn  in  adjacent  fields.  In  fighting  the  chinch  bug 
promptness  of  action  is  about  as  necessary  as  it  is  in  fighting  fire. 

ELIMINATING  CHINCH  BUGS  FROM  TIMOTHY  MEADOWS  BY  CROP  ROTATION. 

In  several  instances  where  chinch  bugs  have  become  especially 
destructive  to  timothy  meadows  over  considerable  areas  of  country, 
it  has  been  found  that  these  outbreaks  were  attributable  to  the  fact 
that  these  sections  of  country  were  largely  given  over  to  dairying. 
The  dairymen  and  stockmen  found  it  more  desirable  to  allow  timothy 
pastures  and  meadows  to  remain  more  or  less  permanent,  with  the 
result  that  the  chinch  bugs  gradually  became  so  excessively  abundant 
as  to  destroy  the  grasses  on  these  areas.  In  a  number  of  instances  it 
was  found  that  where  the  prevailing  agricultural  methods  were 
changed  and  the  infested  grass  lands  were  broken  up  and  devoted  to 
other  crops,  the  difficulty  was  ehminated,  as  the  new  meadows  were 
not  attacked.  This  shows  that  throughout  the  country  where  the 
short-winged  chinch  bug  attacks  timothy  meadows  a  rotation  crop 
will  be  found  an  efficient  measure  in  overcoming  the  difficulty  with  a 
reasonable  degree  of  permanency. 

UTILITY  OF  KEROSENE  IN   FIGHTING  CHINCH  BUGS. 

In  fighting  the  chinch  bug  there  is  at  present  no  more  useful  sub- 
stance than  kerosene,  either  in  the  form  of  an  emulsion  or  undiluted. 
From  its  penetrating  nature,  prompt  action,  and  fatal  eflFects  on  the 
chinch  bug,  even  when  applied  as  an  emulsion,  it  becomes  an  inex- 
pensive insecticide,  while  it  has  the  further  advantage  of  being  an 
article  universally  found  in  every  farmhouse,  and  is  therefore  always 
at  hand  for  immediate  use.  The  emulsion  has  the  further  advantage 
of  being  capable  of  sufficient  reduction  in  strength  to  preclude  injury 
to  the  vegetation  while  still  strong  enough  to  be  fatal  to  insect  life. 
Diluted  and  ready  for  use,  the  emulsion  is  prepared  as  follows:  Dis- 
solve one-half  pound  of  hard  soap  in  1  gallon  of  water,  preferably 
rain  water,  heated  to  the  boiling  point  over  a  brisk  fire,  and  pour  this 
suds  while  still  hot  into  2  gallons  of  kerosene.  Churn  or  otherwise 
agitate  this  mixture  for  a  few  minutes  until  it  becomes  of  a  cream- 
like consistency  and,  on  cooling,  forms  a  jelly  like  mass  which  adheres 
to  the  surface  of  glass  without  oiliness.  For  each  gallon  of  this  emul- 
sion use  15  gallons  of  water,  mixing  thoroughly.  If  appUed  to  growing 
com,  it  will  be  best  to  use  the  emulsion  either  during  the  morning  or 
evening,  say  before  8  a.  m.  or  after  5  p.  m.,  as  at  these  times  it  will 
be  less  likely  to  affect  the  plants  than  if  applied  in  the  heat  of  the  day. 
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Where  an  invasion  of  the  chinch  bug  is  in  progress  from  a  field  of 
wheat  to  an  adjoining  field  of  com,  as  an  illustration,  the  marginal 
rows  of  com  can  be  frequently  saved,  even  after  the  bugs  have 
massed  upon  the  plants,  by  spraying  or  sprinkling  them  freely  with 
kerosene  emulsion,  being  careful  not  to  get  much  of  it  directly  into 
the  crown  of  the  plants  and  using  a  sufficient  quantity  so  that  the 
emulsion  will  run  down  the*  outside  and  reach  such  bugs  as  are  about 
the  base  of  the  plants.  This  treatment  will  kill  the  bugs  clustered 
upon  the  corn,  and  in  case  of  those  on  the  way  to  the  field,  while  it 
will  not  keep  them  out,  it  will  cause  a  halt  in  the  invasion,  and  thus 
give  the  farmer  an  opportunity  to  put  other  measures  in  operation, 
one  of  which  will  include  the  use  of  kerosene  in  another  manner.  If 
a  deep  furrow  is  plowed  along  the  edge  of  the  field,  running  the  land 
side  of  the  plow  toward  the  field  to  be  protected,  the  furrow  will  form 
a  temporary  barrier  to  the  incoming  hordes. 

DTILITY   OP   DEEPLY   PLOWED    PURROW8   SUPPLEMENTED    BY   THE    USE    OF    KEROSENE 

EMULSION. 

In  dry  weather  the  sides  of  the  furrow  can  be  made  so  steep  and 
the  soil  so  finely  pulverized  that  when  the  chinch  bugs  attempt  to 
crawl  up  out  of  the  furrow  they  will  continually  roll  back  to  the  bot- 
tom, where  they  can  be  sprinkled  with  either  kerosene  alone  or  with 
the  much  less  expensive  emulsion  and  killed.  In  case  of  showery 
weather,  which  prevents  the  sides  of  the  furrow  from  remaining  loose 
and  dry,  the  bottom  can  be  cleared  out  with  a  shovel,  making  it  more 
smooth  and  the  sides  more  perpendicular,  thus  rendering  it  so  much 
easier  for  the  bugs  to  follow  along  the  bottom  than  to  attempt  to 
climb  the  sides.  If  holes  are  dug  across  the  bottom  at  distances  of, 
say,  30  or  40  feet,  the  bugs  will  fall  into  them  and  can  be  still  more 
easily  disposed  of  by  the  use  of  kerosene.  That  both  of  these  meas- 
ures are  thoroughly  practicable  the  writer  can  attest  by  ample  per- 
sonal experience,  and  he  knows  that  under  most  conditions  that  are 
likely  to  obtain  prompt  and  efficient  apphcation  is  all  that  is  neces- 
sary. During  a  few  days  this  work  will  demand  the  closest  watching 
and  application,  but  fields  of  grain  can  be  protected  thoroughly  and 
effectually  if  these  measures  are  faithfully  carried  out,  and  the 
expense  of  time  and  money  will  be  found  to  be  less  than  in  almost 
any  other  plan  that  has  been  discovered  up  to  this  time.  In  no  case 
has  a  field  attacked  by  a  migrating  army  of  chinch  bugs  come  under 
the  writer's  observation  but  that  might  have  been  saved  from  very 
serious  injury  by  the  prompt  xise  of  either  of  these  measures,  though 
under  some  conditions  the  farmer  might  find  it  advantageous  to 
apply  some  of  the  other  methods  of  protection  here  given.  In  all  of 
the  following  methods  cmde  petroleum  may  be  substituted  for  coal 
tar  if  the  former  is  more  easily  obtainable.  ^  ^ 
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THE  SCmFACE  AND  COAL-TAB  METHOD. 

The  objections  made  by  farmers  to  the  use  of  most  of  these  bar- 
riers is  that  the  finest  pulverized  soil  soon  becomes  incrusted  by  even 
the  shghtest  rainfall  and  the  bugs  then  pass  over  it  without  difficulty, 
while  barriers  of  boards  are  expensive.  It  is  feasible  to  eUminate 
both  by  simply  smoothing  off  a  path  along  the  margin  of  an 
infested  field  where  such  an  one  adjoins  the  one  to  be  protected. 
This  can  be  done  with  a  sharp  hoe,  and  as  the  margins  of  wheat 
fields  xisually  become  compacted,  it  is  but  httle  trouble  to  thus 
clear  off  a  path  a  foot  or  more  in  width,  smooth  as  a  floor,  with 
the  surface  almost  as  hard.  Along  this  path  circular  post  holes 
are  sunk,  as  in  the  bottom  of  furrows,  and  a  train  of  coal  tar  is  run 
between  them,  being  so  arranged  that  it  will  reach  the  post  hole 
at  the  edge  farthest  from  the  field  from  which  the  bugs  are  migrat- 
ing. The  bugs,  on  reaching  the  train  of  coal  tar,  will  follow  along 
until  they  reach  the  post  hole,  while  those  meeting  with  the  post 
hole  will  usually  divide  and,  following  around  it,  join  with  the 
flow  of  bugs  moving  along  the  train  of  coal  tar.  The  result  is  that 
they  become  congested  in  the  acute  angle  where  the  coal-tar  train 
is  intercepted  by  the  post  holes.  Those  in  the  apex  of  this  angle 
can  not  turn  back,  and  thus  are  continually  pushed  into  the  post 
holes  by  those  behind.  As  the  bugs,  varying  from  the  red  larvae 
of  the  younger  stages  to  the  almost  black  ones  of  the  last  stage, 
mass  along  the  line  of  coal  tar,  they  have  much  the  appearance  of 
a  reddish-brown  stream  running  into  the  holes.  From  these  holes 
there  is  no  escape  and  here  the  bugs  can  readily  be  killed  by  sprinkling 
with  kerosene.  The  slightest  train  of  coal  tar  is  sufficient  to  obstruct 
the  passage  of  the  bugs,  and  light  rains  will  not  affect  its  efficiency. 
In  dry  weather  these  trains  of  coal  tar  soon  become  covered  over  with 
dust  and  must  be  renewed;  but  in  showery  weather  there  is  no  dust, 
and  if  the  coal  tar  is  renewed  daily  or,^  at  most,  twice  each  day,  it  will 
accomplish  its  work  and  nothing  further  will  be  needed  than  to  kill 
the  bugs  that  have  collected  in  the  post  holes.  This  measure  is  inex- 
pensive and  can  be  promptly  put  into  operation  if  the  coal  tar  is  at 
hand.  The  writer  has  been  able  in  this  way  to  effectively  protect  a 
field  of  com  bordered  on  two  sides  by  a  wheat  field  literally  overrun 
with  chinch  bugs  at  harvest  and  during  a  time  when  light  showers 
were  occurring,  frequently  several  times  each  day. 

THE  RIDGE  AND  COAL-TAR  METHOD. 

Differing  quite  materially  from  the  preceding  are  the  various  com- 
binations of  coal  tar  and  ridges  of  earth,  smoothed  and  packed  along 
the  apex,  or,  instead  of  the  ridge  of  earth,  6-inch  boards,  such  as  are 
ordinarily  used  for  fencing,  placed  on  edge  and  the  upper  edge  coitted 
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with  tar.  Forbes  has  reported  excellent  results  from  the  application 
of  a  line  of  coal  tar  put  directly  upon  the  bare  ground  where  the  surface 
has  been  rendered  compact  by  a  recent  fall  of  rain.  Even  in  this 
series  of  protective  measures  kerosene  can  be  used  to  great  advantage. 
In  the  experiment  recorded  by  Professor  Forbes  the  coal  tar  was  put 
upon  the  groimd  between  a  wheat  field  and  a  cornfield  from  an  ordi- 
nary garden  sprinkling  pot  from  which  the  sprinkler  had  been  re- 
moved and  the  orifice  of  the  spout  reduced  in  size  with  a  plug  of  wood 
imtil  the  tar  came  out  in  a  stream  about  the  size  of  the  little  finger  and 
made  a  line  on  the  surface  of  the  ground  about  three-fourths  of  an 
inch  in  width.  Post  holes  were  sunk  along  the  line  from  10  to  20  feet 
apart  on  the  side  next  to  the  wheat  field,  thus  practically  completing 
the  barrier,  and  the  chinch  bugs,  being  unable  to  cross  the  line  of  tar, 
accumulated  in  the  post  holes  in  vast  numbers,  where  they  were 
killed,  and  those  bugs  that  had  already  entered  the  cornfield  before  the 
barrier  was  constructed  were  prevented  from  spreading  farther  by 
tar  lines  between  the  rows  of  com,  the  infested  com  itself  being 
cleared  of  bugs  by  the  application  of  kerosene  emulsion.  The  same 
writer  states*  that  several  farmers  in  VermiUon  Coimty,  111.,  pre- 
pared for  the  coal-tar  line  by  hitching  a  team  to  a  heavy  plank  and 
running  this,  weighted  down  with  three  or  four  men,  over  the  ground 
once  or  twice  until  a  smooth,  hard  surface  had  thus  been  made  to  re- 
ceive the  tar.  If  the  barrier  was  to  be  made  in  sod,  a  furrow  was 
plowed  and  the  bottom  of  this  made  smooth  by  dragging  the  plank 
along  the  bottom.  In  both  cases  post  holes  were  sunk  along  the  tar 
Hnes,  and  in  these  were  placed  cans  or  jars  into  which  the  bugs  fell  in 
myriads  and  were  destroyed. 

On  one  farm  of  250  acres  a  coal-tar  line  90  rods  in  length  was  re- 
newed once  each  day  and  killed  about  8  gallons  of  chinch  bugs.  In 
the  case  of  another  farmer  there  were  300  rods  of  tar  hnes  with  post 
holes,  cans,  etc.,  which  resulted  in  destroying  about  10  bushels  of 
chinch  bugs.  A  6-gallon  jarful  was  destroyed  in  less  than  half  a 
day  at  one  point  on  the  line.  In  this  lost  instance  the  lines  of  tar 
were  renewed  three  times  a  day,  but  even  then  less  than  a  barrel  of 
tar  was  used.  Still  another  farmer,  with  120  rods  of  tar  line,  used 
about  a  third  of  a  barrel  of  tar  and  did  not  lose  a  hill  of  corn;  he 
caught  chinch  bugs  by  the  bushel.  In  some  of  the  cases  cited  the 
tar  line  was  run  in  a  zigzag  course,  the  post  holes  being  situated  at 
the  angles,  and  in  others  leader  tar  lines  were  run  obliquely  to  the 
main  tar  line,  one  end  terminating  at  the  traphole,  but  both  of  these 
plans  were  afterwards  regarded  as  unnecessary,  a  single  straight  line 
being  entirely  sufficient  and  less  expensive.  The  numerous  cases 
where  these  methods  were  put  into  execution  with  entire  success  and 
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at  small  expense  aflford  the  best  possible  proof  of  their  practical  utility. 
If  a  farmer  is  situated  near  town,  where  refuse  tin  cans  are  dumped 
in  any  locahty  where  they  can  be  got  out  of  the  way,  he  can  select 
the  larger  of  these,  set  them  in  the  post  holes  and  partly  fill  them 
with  kerosene  and  wat^r.  The  water,  being  heavier  than  the  kero- 
sene, will  sink  to  the  bottom,  leaving  a  stratum  of  kerosene  on  the 
surface.  The  chinch  bugs  falling  into  tlds  will  be  forced  down  by  the 
weight  of  those  coming  after,  and  thus  all  will  be  passed  through  the 
kerosene  into  the  water  below.  This  will  obviate  the  necessity  of  fre- 
quently emptying  the  cans  or  treating  their  contents.  It  may  also 
be  stated  that  where  the  post  holes  are  quite  deep  and  enlarged  at 
the  bottom  the  bugs  falling  into  them  will  perish  without  further 
attention. 

OTHER   BARRIER  METHODS. 

The  late  Professor  Snow,  working  in  Kansas,  followed  a  somewhat 
different  method,  and  one  that,  under  certain  conditions,  might  be 
found  superior  to  that  used  by  Professor  Forbes,  or  the  furrow  and 
kerosene  method  applied  by  the  writer  in  Ohio.  This  modification 
consists  in  throwing  up  a  double  furrow,  known  among  farmers  as 
"back  furrowing,''  and  thus  forming  a  ridge,  the  top  of  which  is 
smoothed  and  packed  with  a  drag  having  a  concave  bottom  of  the 
form  of  the  ridge  to  be  made.  If  the  bottom  of  this  drag  is  covered 
with  zinc,  it  will  be  found  to  keep  bright  and  polished,  and  by  this 
means  make  a  smoother  ridge.  Along  the  top  of  this  ridge  is  run  a 
train  of  coal  tar  as  it  came  from  the  gas  works,  or  crude  petroleum  as 
taken  from  the  oil  wells.  The  former  is  more  easily  obtained,  except 
in  certain  locaUties,  and  will  probably  be  found  the  more  practical, 
as  it  stands  on  the  surface  better  and  is  not  so  readily  washed  away 
by  rains.  Both  of  these  substances  are,  however,  offensive  to  the 
bugs,  and  they  will  seldom  attempt  to  cross  them  or  even  come  close 
enough  to  touch  them,  but  on  approaching  will  turn  and  run  along 
the  ridge  in  the  e-vddent  hope  of  finding  a  gap  through  which  they  can 
pass.  Post  holes  were  dug  on  the  outside  of  the  line,  but  close  up  to 
it,  so  that  the  bugs  in  passing  along  beside  the  tar  line  would  crowd 
each  other  into  them.  Professor  Snow  suggested  that  it  will  be  better 
to  construct  this  barrier  several  weeks  prior  to  the  time  when  it  will 
be  needed,  as  then  the  tar  line  has  but  to  be  run  along  the  ridge,  and 
the  post  holes  dug,  when  the  whole  system  is  complete,  and  the 
chinch  bugs  can  be  thus  shut  out  from  the  first." 

With  these  barriers  of  either  ridge  or  furrow  and  the  use  of  coal 
tar  or  crude  petroleum,  supplemented  by  kerosene  emulsion,  a  very 
large  percentage  of  the  injury  from  chinch  bugs  may  be  obviated, 

a  Fifth  Annual  Report  of  the  Director  of  the  Experimental  Station  of  the  University 
of  Kansas,  for  the  year  1895  (1896),  pp.  45-47. 
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and,  in  fact,  with  a  reasonable  degree  of  watchfulness  and  prompt 
action,  all  injury  from  migrating  hordes  may  be  prevented.  The  use 
of  tarred  boards  set  on  edge  or  slightly  reclining  might,  under  some 
circumstances,  take  the  place  of  tlie  ridge  or  furrow,  but  these  cases 
will  be  exceptional,  and  the  use  of  kerosene  emulsion  will  probably 
be  found  equally  practicable  here,  as  also  will  the  post  holes  for  col- 
lecting the  chinch  bugs.  This  method  is  merely  cited  in  order  to  call 
attention  to  its  possible  use  where  the  bthers  are  found  impracticable. 

THE  USE  OP  FURROWS  WITHOUT  PETROLEUM  OR  COAL  TAR. 

The  plowing  of  furrows  has  been  in  vogue  since  the  first  wTitings 
of  Le  Baron  and  the  second  report  of  Fitch,  and  may  be  utilized  in 
other  ways  than  those  previously  mentioned.  A  heavy  log  dragged 
back  and  forth  in  this  furrow  will  pulverize  the  soil  in  dry  weather, 
and  Doctor  Forbes  has  recorded  the  fact  that  where  this  furrow  has 
a  temperature  of  110®  to  116®  F.  it  is  fatal  to  the  young  bugs  that 
fall  into  the  furrow,  even  if  they  are  not  killed  by  the  log.  As  120® 
is  not  uncommon  in  an  exposed  furrow  on  a  hot  summer  day,  it  will 
be  observed  that  there  may  be  cases  where  this  method  will  be  found 
very  serviceable,  and  especially  is  this  likely  to  prove  true  in  a  sandy 
soil  with  a  southern  exposure.  In  sections  of  the  country  where  irri- 
gation is  practiced,  these  furrows  may  be  flooded  and  in  this  way  ren- 
dered still  more  effective  without  the  expenditure  of  either  time  or 
money  to  keep  them  in  constant  repair.  Riley  long  ago  laid  consid- 
erable stress  on  this  measure,  behoving  it  of  much  value,  especially 
in  the  arid  regions  of  the  far  West.  The  same  writer  advised  the 
flooding  of  infested  fields,  wherever  it  could  be  done,  for  a  day  or  so 
occasionally  during  the  month  of  May.  It  is  hardly  probable,  how- 
ever, that  this  will  often  be  found  feasible  except  in  rice  fields,  where 
it  is  sometimes  practiced. 

NECESSITY  FOR  PRBVBNTINO  CHINCH   BUGS   PROM   BECOMING   ESTABLISHED  IN    FIELDS 

OF  WHEAT  AND  GRASS. 

In  the  foregoing  it  will  be  observed  that  prevention  of  migration 
has  been  the  chief  end  in  view,  either  by  destroying  the  chinch  bugs  in 
their  hibernating  quarters,  and  thus  preventing  the  spring  migration 
to  the  breeding  places,  or  by  various  traps  and  obstructions  to  prevent 
them  from  migrating  from  such  places  to  others  not  already  infested. 
The  great  problem  remaining  to  be  solved  is  to  prevent  their  breeding 
in  wheat  fields  at  all.  As  has  been  shown,  it  is  absolutely  impos- 
sible, with  our  present  inability  to  forecast  the  weather  months  in 
advance,  to  be  able  to  foretell  whether  or  not  an  outbreak  of  chinch 
bugs  is  likely  to  take  place.  There  may  be  an  abundance  of  bugs  in 
the  fall — enough  to  cause  an  outbreak  over  a  wide  section  of  country — 
and  these  may  overwinter  in  sufficient  numbers  to  cause  some  injury 
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in  spring,  yet  a  few  timely,  drenching  rains  will  outbalance  all  of  these 
factors,  and  our  wisest  prognostications  fail  of  proving  true.  It  is 
this  very  factor  of  uncertaintj'-  that  renders  unlikely  the  successful 
carrying  out,  over  any  large  area  of  country,  of  any  protective  meas- 
ures, where,  as  in  this  case,  the  benefit  to  be  derived  will  only  be  real- 
ized nearly  a  year  afterwards,  if  at  all.  The  average  farmer,  when 
smarting  under  a  heavy  loss,  will  often  take  such  long-range  precau- 
tions as  to  sow  belts  of  flax,  hemp,  clover,  or  buckwheat  around  his 
wheat  fields  once;  but  if  the  chinch  bugs  do  not  appear,  and  he  sees 
the  useless  investment  of  time,  labor,  and  seed,  he  will  be  likely  to 
conclude  next  year  to  take  the  risk  and  do  nothing.  For  the  present, 
then,  we  have  no  metliod  whereby  we  can  prevent  the  chinch  bugs 
from  taking  up  their  abode  in  wheat  fields  or  timothy  meadows  and 
raising  their  enormous  families  there,  except  to  destroy  the  adults  in 
their  winter  quarters. 

The  writer  once  tried  to  destroy  the  young  in  a  wheat  field  by 
spraying  jdtTi  kerosene  emulsion  the  small  areas  of  whitening  grain 
that  indicated  where  the  pests  were  massed  in  greatest  abundance. 
The  result  was  unsatisfactory,  and  it  is  very  doubtful  if  it  is  possible 
to  apply  this  measure  with  any  degree  of  success,  and  we  are  forced 
to  the  conclusion  that,  for  the  present  at  least,  we  shall  be  obliged 
to  rely  upon  the  measures  previously  given.  It  therefore  becomes 
of  the  utmost  importance  to  clean  up  the  roadsides,  and  the  ground 
along  fences  and  patches  of  woodland,  as  well  as  any  other  places 
hkely  to  afford  protection  for  the  hibernating  chinch  bugs.  There 
are,  of  course,  obstacles  in  the  way  of  carrying  out  this  plan  generally 
over  any  large  area  of  country,  and  especially  in  sections  where  the 
rail  fence  predominates.  But  as  the  country  gets  older  it  will  be 
found  that  it  is  not  chinch  bugs  alone  that  seek  these  places  in  which 
to  pass  the  winter,  but  myriads  of  the  other  insect  foes  of  the  farmer 
as  well,  and  that  careful  attention  to  the  condition  of  roadsides, 
lanes,  hedgerows,  and  waste  places  about  the  farms,  during  the 
season  when  insects  seek  out  these  places  wherein  to  pass  the  winter, 
will  pay  well  for  the  time  expended  in  that  direction.  It  may  come 
about  that  some  phase  of  the  street-cleaning  reform  may  invade 
the  country,  and  it  is  certain  that  if  such  were  to  occur  it  would, 
in  time,  save  the  country  enough  to  go  far  toward  reducing  the 
expense  of  securing  good  roads.  In  fact,  the  term  ''good  roads'* 
ought  to  include  the  proper  care  of  the  roadsides,  as  well  as  the 
grading  and  macadamizing  of  the  roadbeds  themselves. 

There  are  at  present  so-called  ''weed  laws''  in  many  States,  and, 
though  more  or.  less  of  a  dead  letter  in  most  cases,  these  laws  are 
steps  in  the  proper  direction.  The  time  when  insect  pests  will  be 
looked  upon  in  the  eye  of  the  law  as  so  many  public  nuisances,  and 
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the  harboring  of  them  a  corresponding  crime,  may  be  a  long  way  off, 
but  as  it  gradually  draws  nearer  we  shall  come  to  learn  that  after 
all  it  is  the  rational  view  to  take  and  will  go  far  toward  solving  not 
only  the  chinch-bug  problem  but  many  others  of  a  similar  nature. 
So  far  as  the  chinch  bug  is  concerned,  when  we  bum  over  the  waste 
lands  and  accumulated  rubbish  about  our  farms  in  autumn  or 
winter,  we  are  simply  applying  the  same  check  that  the  dusky 
savage  did  when  he  lighted  the  prairie  fires,  though  unwittingly  and 
for  an  entirely  different  purpose.  In  the  timothy  meadows  of  the 
northeastern  portion  of  the  country,  where,  for  lack  of  wings  fitting 
it  for  locomotion,  the  chinch  bug  does  not  so  largely  migrate  to  the 
waste  lands  in  autumn,  the  problem  is  somewhat  different,  and  it 
will  require  some  careful  experiments  to  determine  the  exact  effects 
both  on  the  hibernating  chinch  bugs  and  on  the  grass  roots  of 
burning  over  the  meadow  lands  in  winter.  There  can  be  little 
doubt,  however,  that  a  rapid  rotation  of  crops,  so  as  not  to  allow 
the  short- winged  form  to  become  thoroughly  established  in  a  meadow, 
and  the  burning  over  of  waste  places,  thus  destroying  such  rubbish 
and  d6bris  as  will  serve  to  offer  hibernating  places  for  the  long- winged 
form,  will  go  far  toward  settling  the  chinch-bug  problem  in  grass 
lands. 

As  previously  stated,  the  chief  drawback  in  putting  preventive 
measures  in  force  is  the  difficulty  of  foretelling  an  invasion.  In 
northeastern  Ohio  in  1897  hundreds  of  acres  of  timothy  meadow 
were  destroyed  after  the  hay  crop  had  been  removed,  but  so  late 
that  the  farmers  did  not  suspect  the  true  condition  of  their  meadows 
until  the  spring  of  1898,  when  the  young  grass  failed  to  put  forth 
and  an  examination  revealed  the  fact  that  the  roots  had  been  killed, 
the  abundance  of  chinch  bugs  pointing  unerringly  to  the  cause  of  the 
trouble,  though  in  many  cases  a  heavy  crop  of  hay  had  been  removed 
the  previous  year  where  now  the  ground  was  entirely  bare.  While 
in  the  case  just  cited  a  previous  knowledge  of  the  presence  of  chinch 
bugs  in  these  meadows  might  not  have  enabled  the  owners  to  have 
saved  them  in  the  fall  of  1897,  yet  the  fall  plowing  of  the  land,  possibly 
early  enough  to  have  sown  the  ground  to  fall  wheat,  would  have 
buried  the  majority  of  the  bugs  so  deeply  in  the  soil  as  to  have  killed 
vast  numbers  of  them  and  thus  prevented  their  migrating  to  other 
lands  in  the  spring  of  1898.  A  rotation  of  crops  that  would  have 
included  grass  for  not  to  exceed  two  successive  years,  followed  by 
wheat,  would  have  amounted  to  precisely  the  same  remedial  measure 
as  the  one  suggested. 

A  case  in  northeastern  Ohio  has  come  to  the  writer^s  notice  where 
an  infested  timothy  meadow  was  plowed  late  in  the  fall  of  1897. 
Late  in  April  of  1898  this  ground  was  cultivated,  rolled,  and  harrowed 
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several  times  and  most  carefully  and  completely  prepared  for  corn, 
which  was  planted,  but  with  the  result  that  a  portion  of  the  field  was 
attacked  and  destroyed  by  chinch  bugs,  largely  of  the  short-winged 
form.  An  examination  about  June  10  revealed  the  bugs  in  consider- 
able numbers  about  the  plants  still  remaining,  but  scattered  over  the 
field  were  more  or  less  numerous  clumps  of  timothy,  in  some  cases 
apparently  killed  by  the  chinch  bugs,  while  in  others  the  bugs  were 
literally  swarming  about  the  dying  but  still  green  clumps  of  grass, 
thus  showing  that  they  had  either  not  been  buried  by  the  plowing  and 
cultivation  of  the  ground  or  else  the  grass  had  not  been  thoroughly 
covered,  and  thus  ladders  had  been  left  whereby  the  bugs  were  enabled 
to  climb  to  the  surface. 

SUMMARY  OF  REMEDIAL  AND  PREVENTIVE  MEASURES. 

In  summing  up  the  matter  of  remedial  and  preventive  measures  for 
the  control  of  the  chinch  bug,  it  may  be  stated  that  the  insects  can  be 
destroyed  in  their  places  of  hibernation  by  the  use  of  fire.  They  can, 
under  favorable  meteorological  conditions,  be  destroyed  in  the  fields, 
if  present  in  sufficient  abundance  during  the  breeding  season,  by  the 
use  of  the  fungus  SporotricTium  glohuliferum,  if  promptly  and  carefully 
applied.  They  can  be  destroyed  while  in  the  act  of  migrating  from 
one  field  to  another  by  tarred  barriers  or  deep  furrows  supplemented 
by  post  holes  and  by  burying  them  under  the  surface  of  the  ground 
with  the  plow  and  harrow,  or  the  latter  method  may  be  applied  after 
the  bugs  have  been  massed  upon  plats  of  some  kind  of  vegetation  for 
which  the  bugs  are  known  to  have  a  special  fondness,  these  decoy 
plats  being  so  arranged  as  either  to  attract  the  females  and  induce 
them  to  oviposit  therein  or  to  intercept  an  invasion  from  wheat  fields 
into  cornfields.  When  these  decoys  have  been  turned  under  with  a 
plow  and  the  surface  inmiediately  smoothed  and  packed  by  harrow 
and  roller  the  bugs  will  be  destroyed,  while  in  the  cornfields  they 
can  be  destroyed  on  the  plants  by  the  application  of  kerosene  emulsion. 
Without  vigilance  and  prompt  action,  however,  only  indifferent  results 
are  to  be  expected  from  any  of  these  measures. 

PROSPECTS  OF  A   FUTURE  OUTBREAK. 

The  past  history  of  the  chinch  bug  in  America  indicates  a  series  of 
years  of  the  insects'  abundance  and  destructiveness,  followed  by  peri- 
ods of  comparative  immunity  from  its  attacks.  For  a  number  of 
years  there  have  been  no  serious  ravages  and,  in  fact,  until  within  the 
past  two  years  the  pest  has  hardly  been  noticed  by  farmers;  but 
within  the  last  year  (1908)  there  have  come  a  number  of  complaints 
of  serious  injury,  and,  while  these  outbreaks  have  so  far  been  of  a 
rather  localized  character,  they  seem  nevertheless  to  betoken  the 
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drawing  to  an  end  of  the  period  of  immunity  and  the  beginning  of  a 
series  of  years  of  abimdance  and  destruction.  These  somewhat  por- 
tentous reports  have  come  from  the  farmers  of  Ohio,  Indiana,  Illinois, 
Kansas,  and  Texas.  Strangely  enough,  the  city  man  has  not  been 
allowed  to  rest  unmolested  and  reports  of  serious  ravages  by  chinch 
bugs  on  lawns  have  come  from  the  widely  separated  points,  Brooklyn, 
N.  Y.,  and  Palm  Beach,  Fla.  It  is  because  of  these  ominous  reports 
that  this  pubUcation  has  been  prepared  at  this  time  with  the  hope 
not  only  of  sounding  a  note  of  warning,  but  also,  if  possible,  of  impres- 
sing upon  the  farmer  the  necessity  of  watchfulness  and  the  prompt 
application  of  preventive  measures  where  the  insect  is  found  to  occur 
in  any'  considerable  numbers.  The  Bureau  of  Entomology  has  the 
present  summer  (1909)  been  carrying  out  much  experimental  and 
demonstrative  work  in  the  West,  notably  in  Kansas. 

Approved: 
James  Wilson, 

Secretary  of  Agricultwre, 

Washington,  D.  C,  September  16,  1909. 
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IflBued  November  24, 1909. 


United  States  Department  of  Agriculture, 

BUREAU  OF  ENTOMOLOGY, 
Lr.  O.  HO^VARD,  Entomoloffist  and  Chief  of  Bureau. 


THE  EUONYMUS  SCALE. 

( Chionaspis  euonymi  Comstock. ) « 

By  J.  G.  Sandebs,  M.  A.,  Asntlant. 

INTRODUCTION. 

The  most  serious  enemy  of  the  various  species  and  varieties  of 
Euonymus  in  the  eastern  United  States  is  commonly  known  as  the 
Euonymus  scale.    The  injuries  occasioned  by  the  attacks  of  this  pest 


"FiQ.  1.— A  twig  of  £uonymu8  moderately  infested  with  Euonymun  scale.    (Original.) 

almost  preclude  the  growing  of  these  beautiful  plants  for  hedges  and 
borders,  while  the  dire  experiences  of  some  gardeners  have  caused 
them  to  abandon  entirely  the  use  of  these  plants  for  decoration. 

o  First  described  in  the  Annual  Report  of  the  Commissioner  of  Agriculture  for 
1880,  p.  313  (1881). 
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The  attacks  of  this  scale  insect  are  almost  exclusively  confined  to 
Euonymus,  although  it  has  been  found  infesting  the  common  wild 
bittersweet  ( Celdstrus  scandens)^  especially  when  growing  in  proximity 
to  infested  Euonymus.  The  native  wild  species  of  the  latter  plant 
and  the  introduced  and  horticultural  varieties  seem  to  suffer  to  the 
same  extent  from  the  attack  of  their  common  pest,  and  it  is  no 
uncommon  sight  to  see  plants  of  our  wild  species  dying  in  the  open 
forests  and  woodlands. 

In  1886  Lichtenstein  reported  that  at  Montpellier,  France,  this  scale 
was  so  destructive  to  Euonymus  that  it  rendered  the  cultivation  of 
that  plant  almost  impossible;  and  more  recently  from  Japan  come 
reports  of  serious  injury  to  Euonymus  japonica. 

HOST  PLANTS. 

This  insect  was  first  brought  to  the  attention  of  the  scientific  world 
in  the  Agricultural  Report  for  1880  by  Prof.  J.  H.  Comstock,  then 
U.  S.  Entomologist,  who  reported  that  it  had  destroyed  nearly  all  the 
plants  of  Euonymus  latifolia  in  Norfolk,  Va.  There  are  records  of 
its  injuiy  to  Euonymus  jajxmica^  E.  europdma^  E.  radicana^  E.  atro- 
purpurem^  variegated  and  other  horticultural  varieties  of  Euonymus, 
and  Celastrus  scandena  (bittersweet). 

DISTRIBUTION. 

Records  are  at  hand  of  the  occurrence  of  this  scale  in  the  following 
States,  and  it  no  doubt  occurs  in  many  others:  Massachusetts,  New 
York,  New  Jersey,  Pennsylvania,  Delaware,  Maryland,  District  of 
Columbia,  Virginia,  North  Carolina,  South  Carolina,  Georgia,  Ohio, 
and  California.     It  is  also  reported  from  France,  Italy,  and  Japan. 

DESCRIPTION. 

This  scale  is  exceedingly  prolific.  A  plant  which  becomes  infested 
is  soon  so  completely  covered  that  the  attack  results  in  its  early 
destruction.  There  are  at  least  two  broods  each  season,  and  a  prob- 
able third  one  in  the  Southern  States. 

A  badly  infested  plant  appears  as  if  covered  with  snow,  this  condi- 
tion being  due  to  the  presence  of  the  enormous  number  of  the  pure 
white  mde  scales,  which  are  more  conspicuous  than  the  brown  female 
scales.  The  photograph  (fig.  1)  of  a  moderately  infested  twig  of  varie- 
gated Euonymus  conveys  an  idea  of  the  general  appearance  of  this 
scale.  Note  the  comparatively  few,  elongate-oval,  brown  female  scales 
as  contrasted  with  the  great  number  of  the  narrow,  white,  tricarinate 
scales  of  the  males. 

As  in  all  the  scale  insects  of  this  class,  the  female  Euonymus  scale 
is  permanently  fixed  to  one  location  except  for  a  few  hours  or  days  in 
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the  first  larval  stage,  when  it  appears  as  a  tiny  yellow  object  with  six 
legs  which  are  atrophied  before  it  reaches  the  adult  stage.  The  male 
and  female  larvae  are  similar  in  the  first  stage,  but  later  the  male 
acquires  a  pair  of  delicate  wings  and  emerges  from  its  scale  covering 
a  free  insect  which  never  feeds,  since  its  mouth-parts  are  replaced  by 
extra  pairs  of  eyes. 

The  following  short  technical  description  with  accompanying  illus- 
tration (fig.  2)  is  appended  for  entomologists  or  persons  who  have 
access  to  a  compound  microscope: 


Fig.  2.— Photomicrograph  of  pygidlum  of  adult  female  Euonymua  scale  (ChUmatpit  euonymi). 

(Original). 

Scale  of  female. — Dark  brown,  with  yellow  exuyiee,  of  heavy  texture,  convex, 
broader  posteriorly.  Length,  1.75  to  2  mm.  Ventral  scale  white,  completely  devel- 
oped, attached  to  upper  scale  along  the  sides  but  free  posteriorly. 

Scale  of  male, — Pure  white,  parallel  sided,  strongly  tricarinated,  with  yellow 
exuvia.    Length,  1  to  1.25  mm. 

Female. — Broadest  at  fifth  segment  and  tapering  anteriorly  and  posteriorly.  Median 
lobes  and  lobules  of  second  and  third  lobes  serrulate  and  pointed,  widely  separated; 
lobules  of  second  and  third  lobes  parted  to  the  base,  the  inner  always  the  larger. 
Gland  spines  comparatively  short  Five  groups  of  paragenital  pores;  median,  4-6; 
anterior  lateral,  5-9;  posterior  lateral,  3-4. 

REMEDIES. 

For  the  control  of  this  pest  two  distinct  treatments  are  available, 
viz,  summer  and  winter  treatment,  each  having  advantages  and  dis- 
advantages.    Arsenical  poisons  (Paris  green,  etc.)  are  pi^^^^^vail  in 
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combating  scale  iDsects  which  suck  the  juices  of  plants;  instead,  a 
corrosive  or  oily  contact  insecticide  is  necessarily  used. 

BUMMER  TREATMENT. 

All  scale  insects  are  protected  by  waxy  coverings  of  different  kinds, 
except  in  the  young  larval  stage,  in  which  stage  they  are  most  easily 
destroyed  by  insecticides.  The  most  effective  treatment  which  is  least 
injurious  to  the  plant  is  the  use  of  kerosene  emulsion  sprayed  with 
some  force  on  all  parts  of  an  infested  plant  at  the  time  of  the  hatch- 
ing of  the  young,  using  special  care  to  cover  thoroughly  both  sides  of 
all  leaves  and  twigs.  The  time  of  fii'st  hatching  of  the  young  varies 
with  the  seasons  and  latitudes,  and  extends  from  the  first  of  May  to 
the  middle  of  June  in  different  localities.  Where  no  frost  occurs  the 
dormant  season  is  very  short.  Repeated  thorough  sprayings  of  in- 
fested plants  at  intervals  of  two  weeks  between  the  above  dates  should 
effectively  control  this  scale.  Emulsion  stronger  than  15  per  cent  of 
oil  should  not  be  used  on  plants  during  the  summer,  else  the  foliage 
might  suffer. 

WINTER  TREATMENT. 

During  the  winter  season  plants  arc  dormant  and  are  able  to  withstand 
stronger  insecticides  without  injury.  The  deciduous  species  of  Euony- 
mus  should  be  treated  after  the  falling  of  the  leaves,  or  during  winter, 
with  a  25  per  cent  kerosene  emulsion,  or  a  solution  of  whale-oil  soap 
at  the  rate  of  1  pound  to  a  gallon  of  water.  The  evergreen  species 
and  varieties  can  withstand  20  per  cent  kerosene  emulsion  during  the 
dormant  season.  Care  should  be  used  to  prevent  the  collection  of  the 
oily  emulsion  at  the  base  of  a  treated  plant,  else  injurv  may  result. 

Directions  for  the  preparation  of  kerosene  emulsion  and  the  propor- 
tions of  the  ingredients  are  given  l)elow: 

KEROSENE  EMULSION. 

Stock  Holiition  (fi6  per  cent  oil). 

Kerosene  (coal-oil,  lamp-oil) gallons. .       2 

Whale-oil  or  laundry  soap  (or  1  quart  soft  soap) pound. .       } 

Water gallon. .      1 

Dissolve  the  soap  in  boiling  water,  then  remove  from  the  fire^  add  the 
kerosene  immediatel}',  and  thoroughly  agitate  the  mixture  until  a  creamy 
solution  is  obtained.  This  can  l)e  done  by  pouring  the  mixture  into 
the  tank  of  a  spray -pump  and  pumping  the  liquid  through  the  nozzle 
back  into  the  tank.  This  is  a  stock  solution  which  must  be  diluted 
before  using.  In  order  to  make  a  20  per  cent  emulsion,  add  to  each 
gallon  of  the  stock  solution  about  2^  gallons  of  water  and  agitate  thor- 
oughly before  using.  For  a  25  per  cent  solution  add  to  each  gallon  of 
the  stock  solution  If  gallons  of  water  and  agitate  thoroughly.     This 
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strength  will  kill  a  large  percentage  of  the  hibernatiDg  females  with- 
out injury  to  the  plants. 

If  a  good  naphtha  soap  can  be  obtained  the  preparation  of  the  emul- 
sion will  be  simplified.  It  will  be  unnecessary  to  heat  the  solution, 
since  the  kerosene  will  combine  readily  with  the  naphtha  and  soap  and 
form  a  perfect,  cold,  milky-white  emulsion  when  the  mixture  is  thor- 
oughly agitated.  If  naphtha  soap  is  used,  double  the  amount  called 
for  by  the  formula,  and  emulsify  in  soft  (rain)  water. 

Approved: 

James  Wilson, 

Secretary  of  Agricvlture. 

Washington,  D.  C,  October  11^  1909. 
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Issued  April  15, 1910. 


United  States  Department  of  Agriculture, 

BUREAU  OF  ENTOMOLOGY. 
L.  O.  HO^VARD,  Entomologist  and  Chief  of  Bureau. 


THE  HORN  FLY. 

(Hsematobia  serrata  Rob.-Desv.) 

By  C.  L.  Mahlatt,  M.  S., 

Assistant  Entomologist  and  Acting  Chief  in  Absence  of  Chief. 

INTRODUCTION    AND    SPREAD. 

The  horn  fly  is  one  of  the  worst  of  the  European  biting  flies  that 
attack  cattle,  but,  curiously  enough,  it  failed  to  reach  this  continent 
until  a  comparatively  late  date,  notwithstanding  abundant  impor- 
tations of  live  stock  from  Europe  during  nearly  three  centuries:     It 


Fio.  1.— Horn  fly  (Htematobia  serrata):  a,  Egg;  b,  larva;  c,  puparium;  d,  adult  in  resting  position.    Much 
enlarged.    (From  Riley  and  Howard.) 

was  first  discovered  and  reported  to  this  Bureau  in  the  fall  of  1887 
as  occurring  near  Camden,  N.  J.  The  following  year  it  appeared  in 
Maryland  and  Virginia,  and  thereafter  spread  rather  rapidly,  and 
by  1891-1892  it  was  found  over  the  continent  from  Canada  to  Texas 
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and  from  Massachusetts  to  the  Rocky  Mountams.  It  has  not  been 
reported  as  an  especially  injurious  pest  in  California,  but  undoubtedly 
occurs  there,  and  was  carried  with  cattle  from  the  western  coast  of 
the  United  States  to  Honolulu  in  1897.  The  following  year  it  had 
spread  to  all  the  islands  of  the  Hawaiian  group,  and,  under  a  favoring 
climate  which  permits  multiplication  to  go  on  the  year  round,  it  had 
become  a  perhaps  worse  pest  on  these  islands  in  the  middle  of  the 
Pacific  than  in  the  United  States. 

The  first  appearance  of  the  fly  in  New  Jersey  and  Pennsylvania 
makes  it  evident  that  it  was  brought  to  this  country  on  European 
cattle  in  the  early  eighties.  In  the  first  publications  on  the  subject 
it  was  stated  that  the  fly  was  probably  brought  in  through  the  port 
of  Philadelphia  in  1886,  but  the  records  of  the  Bureau  of  Animal  Indus- 
try indicate  that  the  importation  of  cattle  through  Philadelphia  was 
discontinued  early  in  1885.  From  this  fact  either  the  fly  was 
imported  a  year  or  more  earher  than  has  hitherto  been  supposed,  or 
else  the  fly  must  have  come  with  cattle  through  some  other  port, 
probably  New  York.  The  former  supposition,  from  the  early  records 
of  distribution  of  the  fly,  seems  the  more  likely. 

EARLY    INVESTIGATIONS. 

The  early  records  of  the  horn  fly  in  1887  and  1888  gave  little  indi- 
cation of  its  future  importance  to  stockmen,  but  in  1889  much  ex- 
citement was  aroused  by  the  pest  in  New  Jersey  and  throughout 
Maryland  and  in  Virginia  by  the  rapid  spread  of  the  fly  and  the 
excessive  damage  from  it  to  cattle.  This  Bureau  at  once  began  a 
thorough  investigation  of  the  subject,  largely  conducted  by  Dr. 
L.  O.  Howard,  assisted  by  the  writer,  and  the  life  history  and  habits 
of  the  insect  were  worked  out  with  fair  thoroughness  during  this  year.* 
In  the  same  year  it  was  being  studied  in  New  Jersey  by  Prof.  J.  B. 
Smith,''  and  during  the  years  immediately  following  it  was  the  subject 
of  investigation  and  report  by  most  of  the  official  entomologists  of 
this  country  and  Canada.  More  recently  it  has  been  studied  in  Hawaii 
by  D.  L.  Van  Dine  and  Jacob  Kotinsky,  and  the  rearing  of  parasites 
and  other  natural  enemies  has  been  undertaken  in  Texas  by  agents  of 
this  Bureau  for  the  benefit  of  and  in  cooperation  with  the  Hawaiian 
authorities. 

The  fly  was  early  determined  as  the  European  cattle-biting  fly 
named  above,  as  the  result  of  submitting  material  to  eminent  Dip- 
terologists  of  this  country  and  abroad.  The  insect  was  originally 
described  from  southern  France,  and  its  rapid  spread  and  greater 

fl Insect  Life,  Vol.  II,  pp.  93-103;  Ann.  Rep.  Dept.  Agr.  for  1889,  pp.  345-348. 
b  Bui.  62,  N.  J.  Agr.  Exp.  Sta.,  1889. 
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damage  in  this  country  in  its  southward  range  would  indicate  tliat 
it  is  a  southern  European  species.  This  fact  may  account  for  the 
late  date  of  its  introduction  to  America,  the  chief  importatio"ns  of 
cattle  coming  from  central  or  northern  Europe. 

COMMON    NAMES. 

The  name  "horn  fly''  was  given  it  at  the  very  start,  from  its  habit, 
especially  early  in  the  season,  of  settling  in  large  numbers  around  the 
base  of  the  horns,  and  it  is  now  everywhere  known  by  this  name. 
For  the  first  few  years,  when  the  fact  of  its  being  a  new  pest  was  not 
fully  appreciated,  various  names  were  given  it,  some  of  which  applied 
to  other  biting  gnats,  such  as  ''buffalo  fly,"  "buffalo  gnat,"  and 
"Texas  horn  fly."  The  name  "horn  fly"  is  so  appropriate  that  the 
others  were  short-lived,  but  this  name  carries  a  slight  chance  of 
misunderstanding,  inasmuch  as  the  insect  does  not  affect  the  horn, 
but  simply  chooses  this  point  as  a  resting  place  when  it  is  inactive — 
lai^ely  because  the  base  and  inner  curve  of  the  horn  is  a  point  which 
the  animal  can  not  reach,  either  by  swinging  the  head  from  side  to 
side  or  with  the  tail,  to  dislodge  the  flies. 

THE   DAMAGE   OCCASIONED   BY   THE   HORN   FLY. 

The  horn  fly  is  a  blood-sucking  insect,  but  the  damage  occasioned 
by  it  is  chiefly  the  result  of  the  irritation  to  cattle  which  prevents 
proper  feeding  and  normal  assimilation  of  food,  and  hence  loss  of 
flesh  or  lessened  milk  production.  There  is  also  the  actual  loss  of 
blood,  which  may  be  considerable  when  these  flies  are  abundant. 
The  injiuy  by  the  fly  in  New  Jersey,  Maryland,  and  Virginia  diuing 
the  first  year  after  its  introduction  was  very  considerable,  and  this 
is  true  of  its  first  appearance  in  the  wider  and  wider  areas  covered 
by  it.  After  a  year  or  two,  however,  the  cattle  perhaps  became 
more  used  to  it,  and  the  natural  enemies  of  other  Diptera,  beginning 
to  attack  it,  reduced  its  numbers  to  some  extent,  so  that  the  loss 
from  it  was,  as  a  rule,  much  lessened.  Particularly  in  the  West  and 
Southwest,  however,  the  damage  from  the  horn  fly  continues  to  be  of 
very  serious  moment. 

During  the  first  years  of  the  horn  fly,  when  it  was  a  new  and 
little  understood  menace  to  cattle,  the  losses  occasioned  by  it  were 
uiidoubtedly  much  exaggerated.  Nevertheless  the  loss,  when  the  fly 
is  abimdant,  is  still  very  considerable,  showing  in  reduced  vitality, 
lack  of  growth,  or  lessened  yield  of  milk,  the  production  of  milk  often 
being  cut  down  from  one-fourth  to  one-half.  In  Canada  the  late 
Dr.  James  Fletcher  estimated  the  loss,  in  Ontario  and  Quebec,  at 
one-half  of  the  product  of  meat  and  milk. 
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The  horn  fly  exhibits  a  certain  preference  for  red  or  other  dark- 
colored  cattle,  and  that  such  animals  are  more  thickly  infested  has 
been  frequently  noted.  When  the  insects  are  abundant,  however, 
this  preference  is  not  so  strongly  marked.  Occasionally  sores  arp 
formed  on  the  animals,  which  in  the  South  and  West  may  become 
infested  with  the  screw  worm  (Chrysomyia  mdcellaria  Fab.).  These 
wounds  or  sores  are,  as  a  rule,  only  indirectly  the  result  of  horn-fly 
attacks,  but  are  conmionly  produced  by  the  rubbing  of  the  cattle  in 
efforts  to  allay  the  irritation  from  the  bites. 

The  loss  occasioned  by  the  horn  fly  to  other  animals  is,  as  a  rule, 
inconsiderable.  Sometimes  horses  are  attacked,  and  especially  cow 
ponies,  and  injury  to  sheep,  as  pointed  out  by  Norgaard,**  is  compli- 
cated with  sheep  scab. 

LIFE   HISTORY   AND   HABITS. 

The  appearance  and  abundance  of  the  flies  is  governed  by  tem- 
perature and  rainfall.  In  the  latitude  of  Washington  they  are  first 
noticed  in  May,  and  become  most  abundant  in  July,  gradually 
dwindling  to  November  or  until  sharp,  frosty  nights  become  frequent. 
Farther  south  they  appear  earlier  and  remain  in  evidence  later.  The 
study  of  this  insect  in  Texas  by  agents  of  this  Bureau,  notably  Mr. 
J.  D.  Mitchell,  at  Victoria,  indicates  that  the  fly  reaches  its  first  maxi- 
mum of  abundance  in  May.  During  the  subsequent  dry  period  the 
fly  decreases  in  numbers  imtil  fall  rains  begin,  when  a  second  maxi- 
mum is  reached  in  late  September,  which  is  checked  by  the  frosts  of 
the  latter  part  of  October.  Continuing  on  from  then  imtil  March  the 
fly  is  kept  down  to  comparatively  small  numbers  by  low  tempera- 
tures. The  reduction  of  the  numbers  of  the  fly  in  Texas  by  a  dry, 
hot  summer  is  sometimes  as  great  as  95  per  cent  from  the  maximum 
of  May. 

The  characteristic  habit  of  the  fly  in  clustering  about  the  base  of  the 
horn  is  developed  only  when  the  flies  are  abundant.  When  they 
average  only  100  or  so  to  an  animal,  comparatively  few  will  be  found 
on  the  horns.  The  horn-clustering  habit  is  more  noticeable  in  the 
spring  and  early  summer  than  in  autumn.  The  horns  are  not  the 
only  resting  places,  and  many  of  the  flies  cluster  upon  the  back,  be- 
tween the  head  and  the  fore  shoulders,  where  they  can  be  reached 
by  neither  head  nor  tail.  When  the  cattle  are  feeding,  the  flies  are 
found  over  the  back  and  flank  and  on  the  legs,  and  during  a  rain- 
storm they  flock  beneath  the  belly.  When  the  animal  is  lying  down, 
a  favorite  place  of  attack  seems  to  be  under  the  thigh  and  back  belly 
around  the  udder.  The  characteristic  appearance  of  the  flies  on  the 
horn  is  indicated  in  the  accompanying  illustration  (fig.  2). 

oRep.  Agr.  and  Forestry,  Hawaii,  1905,  pp.  171,  211,  212. 
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In  the  feeding  position  the  wings  are  slightly  elevated,  and  are 
held  out  from  the  body  at  an  angle  of  60®  from  the  abdomen;  the 
legs  are  held  out  widely,  and  the  beak,  inserted  beneath  the  skin  of 
the  am'mal,  is  directed  almost  perpendicularly  (see  fig.  3,  c).  Before 
inserting  its  beak  the  fly  works  its  way  through  the  hair  close  to  the 
skin,  but  is  able  at  the  least  sign  of  danger  to  rise  instantly  in  flight, 
to  return  as  quickly.  The  characteristic  appearance  of  the  fly  is 
shown  in  the  accompanying  illustration  (fig.  1).  It  is  about  half  the 
size  of  the  house  fly,  which  it  closely  resembles,  but  is  much  less 
robust. 

Differing  from  other  biting  flies,  the  horn  fly  normally  stays  on  the 
cattle  night  and  day,  and  when  not  feeding  rests  on  the  cattle  as 
already  described. 


Fio.  2.— Cow-horn  showing  band  of  resting  horn  flies.    Redaoed.    (From  RUey  and  Howard.) 

The  egg-laying  habit  of  the  insect  was  not  easily  discovered  and  is 
somewhat  peculiar.  The  eggs  are  laid  singly  and  usually  upon  their 
sides  upon  the  surface  of  wet  dung.  The  moment  the  latter  is 
dropped,  a  swarm  of  flies  dart  from  the  animal  to  the  dung  and  re- 
main there  a  few  seconds,  or  a  minute  at  the  most,  dm*ing  which 
time  many  eggs  are  deposited.  Egg  laying  is  chiefly  during  day- 
light, between  9  a.  m.  and  4  p.  m.,  and  most  abundant  during  the 
warmer  morning  hours.  So  far  as  we  know,  they  are  laid  upon  no 
other  substance,  and  never  upon  old  dung. 

The  larv8B  upon  hatching  descend  into  the  dung,  remaining,  how- 
ever, rather  near  the  surface.  When  full  grown  they  are  about  two- 
fifths  of  an  inch  in  length  and  of  the  normal  color  and  form  of  the 
related  dung  maggots.  The  pupariiun  is  formed  in  the  ground  be- 
neath the  dung.  The  time  elapsing  from  the  egg  to  the  adult  is  from 
ten  to  seventeen  days,  and  there  are  probably  seven  or  eight  genera- 
tions annually  in  the  latitude  of  Washington,  with  more in^he  South, 
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and  continuous  breeding  in  a  tropical  region  like  the  Hawaiian  Islands. 
The  winter  habits  as  studied  near  Washington,  D.  C,  indicate  that 
hibernation  normally  takes  place  either  in  the  adult  stage  or  as 
puparia  below  the  surface  of  the  ground. 

PARASFTES    AND   NATURAL   ENEMIES. 

The  natural  enemies  of  the  horn  fly,  like  those  of  most  other  dung- 
breeding  flies,  are  destructive  to  the  insect  in  its  larval  and  pupal 
stages.  Therefore  the  bringing  over  of  the  insect  from  Europe  in  the 
adult  stage  with  cattle  resulted  necessarily  in  its  freedom  for  a  time 
from  the  control  by  such  natural  enemies.  The  similar  enemies  of 
other  dung  flies  in  this  country,  however,  imdoubtedly  very  soon 
began  to  exercise  a  certain  degree  of  control,  and  this  may  account 


Fio«  3.— Horn  fly:  a,  Head  of  female,  front  view;  b,  head  of  male,  front  view;  c,  head  from  side.    Qreatly 
enlarged.    (From  Riley  and  Howard.) 

somewhat,  at  least,  for  the  much  greater  damage  occasioned  by  the 
horn  fly  in  the  first  years  of  its  occurrence  in  the  different  zones  of 
its  spread  across  the  continent  than  was  the  case  during  subsequent 
years.  Very  early  after  the  appearance  of  the  horn  fly  it  was  noted 
by  Mr.  F.  M.  Webster  that  in  Ohio  fully  20  per  cent  of  the  flies  were 
infested  by  one  of  the  scarlet  mite  fly  parasites  (Gamasidse).  This 
mite  was  not  determined,  but  was  probably  one  of  the  native  species 
conmionly  seen  on  other  flies. 

The  introduction  of  the  horn  fly  into  the  Hawaiian  Islands  and  the 
heavy  losses  there  occasioned  by  it  led  to  an  active  investigation  on 
the  part  of  the  island  authorities  of  parasites  and  predaceous  enemies. 
Mr.  Albert  Koebele  imported,  in  1905,  from  New  South  Wales,  quan- 
tities of  material  from  which  dung  beetles  were  reared  and  introduced 
into  the  islands.  In  1906  Mr.  Koebele  came  to  the  United  States  and 
made  extensive  collections  of  material  in  California  and  Arizona,  and 
from  this  material  at  least  six  or  seven  species  of  dung  beetles  were 
introduced  into  the  Hawaiian  Islands,  and  two  specie.^^o|^tnQe  parasites. 
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The  beetles  in  question  are  those  which  habitually  live  iu  cattle  dung 
and  feed  upon  living  maggots  therein,  or  are  of  the  tumblebug 
variety  which  disintegrate  the  dung  shortly  after  deposition,  thus 
preventing  or  checking  the  breeding  of  the  flies. 

The  true  parasites  reared  from  material  sent  by  Mr.  Koebele  from 
Arizona  proved  to  bft  Eucolia  impatiens  Say,  styled  **the  Arizona 
dung-fly  parasite,"  and  a  species  of  Eutrias,  styled  'Hhe  lesser  dung- 
fly  parasite.''  These  two  minute  four-winged  flies  are  undoubtedly 
normally  enemies  of  native  dung-breeding  flies,  but  take  readily  to 
the  horn  fly.  They  were  reared  in  considerable  numbers  and  dis- 
tributed among  the  ranchmen  on  the  islands.  It  is  too  early  yet  to 
determine  whether  these  importations  will  be  of  much  practical  value 
in  controlling  the  horn  fly. 

Two  other  similar  minute  Hymenopterous  parasites,  belonging  to 
the  genus  Spalangia,  were  reared  by  Mr.  Kotinsky  from  pupsB  of  the 
comimon  stable  fly  (Stomoxys  calcitrans  L.),  from  material  collected 
on  the  Island  of  Hawaii.  One  of  these,  Spalangia  Jiirta  Haliday, 
confined  with  horn-fly  pup»,  promptly  attacked  the  latter,  and  in 
jthree  or  four  weeks  a  brood  of  these  parasites  was  successfully  reared. 
Later,  horn-fly  pupsB  collected  in  the  field  were  found  parasitized  by 
this  species.  The  other  parasite,  S.  lanaiensis  Ashm.,  supposed  to 
be  a  native  species,  was  also  again  reared  from  Dipterous  pupsB. 
That  both  of  these  will  become  important  enemies  of  the  horn  fly 
seems  to  be  established. 

MEANS   OF   CONTKOL. 

The  simple  means  of  prevention  of  abimdance  of  the  flies  by  the 
destruction  of  larvsB  in  the  dung  and  the  protection  of  animals  from 
the  attacks  of  the  adults,  suggested  in  the  earlier  investigation  of  the 
subject  by  this  Bureau,  have  remained  the  standard  means  of  control, 
with  some  improvements  and  amplification  enabling  them  to  be 
carried  out  on  a  larger  scale  and  at  less  cost.  There  are  two  principal 
methods  of  control — one,  the  destruction  of  the  larvsB  and  pup®  in 
the  cattle  dung  by  direct  measures  or  by  the  action  of  natural  enemies 
already  discussed;  and  the  other,  the  protection  of  cattle  either  by 
the  use  of  repellent  ointments  or  by  the  actual  capture  and  destruc- 
tion of  the  adult  flies. 

RepeUerUs. — Almost  any  greasy  substance  will  keep  the  flies  away 
for  from  a  few  hours  to  several  days.  A  great  many  oils  and  fats 
have  been  experimented  with,  and  the  conmiercial  product  known  as 
fish  or  train  oil,  first  suggested,  remains  the  best  easily  available  oint- 
ment. The  protection  by  the  use  of  tliis  mixture  varies  in  different 
regions.  In  the  dr}%  hot  area  of  the  West  and  Southwest  protection 
lasts  only  two  or  three  days ;  in  the  more  moist  and  cooler  regions  of  the 
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East  and  North,  five  or  six  days.  This  oil  costs  from  50  to  75  cents 
a  gallon.  Tfie  addition  of  a  Uttle  ^sulphur  or  carbolic  acid  is  of 
benefit,  the  latter  making  the  application  somewhat  healing  if  any 
sores  have  been  formed.  Where  only  a  few  animals  are  to  be  treated, 
as  a  home  supply  of  dairy  cattle  or  a  dairy  herd,  the  appUcation  can 
be  made  with  a  common  painter's  brush.  It  may  be  imnecessary  to 
attempt  to  protect  the  entire  animal,  but  only  those  parts  not  reached 
by  the  head  or  tail,  although  the  more  completely  the  animal  is 
covered  the  greater  will  be  the  reduction  of  loss. 

In  Virginia  Prof.  W.  B.  Alwood  found  that  animals  could  be  treated 
with  the  standard  insecticide,  kerosene  emulsion,  appUed  with  a 
small  hand-spray  pump.  This  application  killed  all  the  flies  that 
were  actually  wetted  by  it  and  gave  protection  to  the  treated  animals 
for  two  days.  With  a  little  tobacco  water  added  he  found  two  appU- 
cations  a  week  suflScient,  using  from  1  to  2  pints  for  each  animal. 
The  appHcation  was  made  just  after  milking,  and  was  only  tested 
on  dairy  animals. 

Kerosene  emulsion  is  prepared  after  the  following  formula.  The 
crude  oil  yields  a  stronger  and  more  lasting  product : 

Petroleum,  refined  or  crude gallons. .  2 

Whale-oil  soap  (or  1  quart  soft  soap) pound. .  i 

Water  (soft) gallon . .  1 

The  soap,  first  finely  divided,  is  dissolved  in  the  water  by  boiling 
and  immediately  added  boiling  hot,  away  from  the  fire,  to  the  oil.  The 
whole  mixture  is  then  agitated  violently  while  hot  by  being  pumped 
back  upon  itself  with  a  force  piunp  and  direct  discharge  nozzle  throw- 
ing a  strong  stream,  preferably  one-eighth  inch  in  diameter.  After 
from  three  to  five  minutes'  piunping  the  emulsion  should  be  perfect, 
and  the  mixture  will  have  increased  from  one-third  to  one-half  in  bulk 
and  assimied  the  consistency  of  cream.  Well  made,  the  emulsion  will 
keep  indefinitely  and  should  be  diluted  only  as  wanted  for  use. 

In  Umestone  regions,  or  where  the  water  is  very  hard,  some  of  the 
soap  will  combine  with  the  Ume  or  magnesia  in  the  water,  and  more 
or  less  of  the  oil  will  be  freed,  especially  when  the  emulsion  is  diluted. 
Before  use,  such  water  should  be  broken  with  lye,  or  rain  water  should 
be  employed. 

It  may  be  used  pure  or  diluted  with  one  part  of  water  for  local 
applications  with  a  brush,  or  with  two  or  three  parts  of  water  as  a 
spray. 

A  mixture  reconunended  by  the  Kansas  Experiment  Station,** 
claimed  to  be  as  satisfactory  and  considerably  cheaper  than  fish  oil, 
is  made  after  the  following  formula:   Pulverized  resin,  2  parts,  by 

a  Press  Bui.  No.  65,  March  20,  1900. 
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measure;  soap  shavings,  1  part;  water,  J  part;  fish  oil,  1  part;  oil 
of  tar,  1  part;  kerosene,  1  part;  water,  3  parts.  Place  the  resin, 
soap  shavings,  i  part  of  water  and  fish  oil  together  in  a  receptacle 
and  boil  till  the  resin  is  dissolved.  Then  add  3  parts  of  water,  follow- 
ing with  the  oil  of  tar  mixed  with  the  kerosene.  Stir  the  mixture 
well  and  allow  it  to  boil  for  fifteen  minutes.  When  cool  the  mixture 
is  ready  for  use,  and  should  be  stirred  frequently  while  being  applied. 
This  mixture  costs  about  30  cents  a  gallon,  and  from  one-eighth  to 
one-half  pint  is  sufficient  for  one  application  with  the  brush  method. 

The  methods  just  described  are  not  appUcable  to  large  grazing  herds 
or  cattle  on  the  range. 

Fly  control  on  the  range. — For  the  control  of  the  horn  fly  on  range 
cattle  on  a  large  scale  the  dipping-vats  system  employed  for  the  con- 
trol of  the  cattle  tick  or  other  skin  parasites  offers  the  best  solution 
of  the  problem.  The  oily  dips  used  for  the  Texas-fever  tick,  described 
in  a  pubUcation  of  the  Bureau  of  Animal  Industry  of  this  Department '^ 
can  be  made  to  serve  as  a  very  effective  means  of  controlling  the  horn 
fly.  It  was  early  discovered  that  dipping  cattle  in  these  oily  mix- 
tures in  the  ordinary  way  was  of  little  service  in  destroying  the  horn 
flies.  The  cattle  dips  were  repellent  to  the  horn  fly  for  a  very  short 
period,  and  the  percentage  of  the  flies  killed  by  the  operation  was 
inconsiderable.  During  the  last  three  years,  however,  Mr.  J.  D. 
Mitchell,  an  agent  of  this  Bureau,  working  with  Mr.  W.  D.  Hunter 
in  Texas,  has,  in  a  study  of  the  requirements  for  horn-fly  control, 
found  that  by  a  very  simple  modification  of  the  ordinary  dipping 
vat  a  very  large  percentage  of  the  flies  on  the  cattle  can  be  destroyed, 
with  the  consequent  very  notable  limiting  of  the  loss  from  this  fly 
pest.  With  the  vats  as  ordinarily  constructed,  most  of  the  flies  aban- 
don the  animal  at  the  moment  it  plunges  into  the  dip  and  escape, 
and  go  to  other  animals,  and  ultimately  with  the  drying  of  the  dipped 
animal  return  to  it.  Mr.  Mitchell  found,  however,  that  by  putting 
a  splashboard  near  the  top  of  the  vat  on  either  side,  about  4  feet 
above  the  level  of  the  dip,  the  water  thrown  up  violently  as  the 
animal  plunges  in  is  caught  by  these  splashboards  and  is  thrown  back 
as  a  spray,  filling  the  air  space  above  the  animal  and  drenching  and 
destroying  the  flies  in  their  effort  to  escape.  The  few  of  the  horn 
flies  that  may  escape,  together  with  those  which  abandoned  the  animal 
at  the  entrance  to  the  vat,  were  observed  to  hover  or  settle  on  the 
chute  fence,  and  many  would  alight  on  the  next  animal  coming  along. 
He  also  found  that  where  the  animals  have  been  heated  in  corralling  and 
getting  them  into  the  chute  the  flies  stick  much  closer  and  are  much  less 
apt  to  take  quick  flight,  thus  insuring  the  capture  of  a  larger  percentage 
of  them  by  the  dip  and  spray. 


a  Farmers'  Bulletin  378,  October,  1909. 
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The  first  suggestion  of  splashboards  was  not  as  a  means  of  con- 
trolling the  horn  fly  but  to  keep  the  fluid  from  wasting  over  the  sides 
of  the  vat  and  to  protect  the  men  who  were  working  near  the  vat. 
When  a  large  animal  strikes  the  fluid  the  splash  will  fly  as  high  as 
6  feet,  and  the  spray  will  scatter  widely. 

The  accompanying  detailed  sketches  illustrate  two  vats  equipped 
with  splashboards  which  have  been  used  very  successfully  for  a  num- 
ber of  years  in  Texas.  The  first  sketch  (fig.  4)  is  a  cross  section  of  the 
vat  constructed  by  Mr.  J.  J.  Welder,  Victoria  County,  Tex.  A  ground 
plan  of  the  entrance  is  illustrated  in  figure  5.  Mr.  Welder's  vat  is  a 
rather  large  one,  having  a  surface  level  of  the  dip  5  feet  wide  but  with 

an  entrance  chute  to  the 
vat  of  only  3  feet  and 
9  inches.  The  splash- 
boards are  2  feet  wide 
and  20  feet  long,  ex- 
tending from  the  termi- 
nation of  the  entrance 
chute.  In  the  case  of 
this  dipping  vat  the  ani- 
mal is  confined  to  the 
middle  of  the  vat  and 
entirely  away  from  the 
splashboards  by  the  nar- 
row entrance  chute. 

Another  similar  vat 
is  illustrated  in  figure 
6.  This  vat  was  con- 
structed by  Mr.  A.  P. 
Borden  on  the  Pierce 
Ranch,WhartonCounty, 
Tex.  The  splashboards 
are  1  foot  wide  and  ex- 
tend the  full  length  of 
the  vat,  and  can  be  used,  if  necessary,  as  a  walk  in  assisting  cattle  in 
trouble.  The  ends  of  the  splashboards  next  to  the  entrance  are 
rounded  off  in  the  case  of  this  vat;  but  the  entrance  slides,  as  illus- 
trated in  the  ground  plan  of  the  Welder  vat  (fig.  5),  and  the  height  of 
the  splashboards  above  the  dip  level,  have  in  the  actual  treating  of 
hundreds  of  cattle  prevented  any  difficulty  of  catching  or  colliding 
of  the  animals  with  the  splashboards,  and  were  used  on  a  number  of 
vats  in  Texas  most  successfully  during  the  years  1907  to  1909. 

IClr.  115] 
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Fig.  4. — Cross  section  of  dipping  vat  used  by  BIr.  J.  J.  Welder. 
(Original). 
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With  vats  equipped  like  the  above,  from  75  to  80  per  cent  of  the 
horn  flies  on  the  cattle  are  destroyed.** 

Mr.  Hunter  experimented  with  a  small  model  of  a  dipping  vat,  and 
found  that  if  the  splash  were  received  on  a  slightly  curved  galvanized- 
iron  sheet  instead  of  a  board  it  was  considerably  more  effective  in  dis- 
tributing the  back  throw  of  the  water  in  the  form  of  an  eflBcient  spray. 

The  arsenical  dips  used  for  the  cattle  tick  would  have  comparatively 
little  value  for  the  horn  fly  except  that  very  likely  a  good  many  flies' 
might  be  caught  and  destroyed  by  merely  being  wetted  with  the  dip. 

A  similar  treat- 
ment has  recently 
been  the  subject  of 
experiment  in  the 
West.  An  apparatus 
has  been  con- 
structed, designed 
more  particularly 
for  the  destruction 
of  skin  parasites  of 
cattle,  to  supplant 
the  old  method  of 
dipping  in  a  vat.  It 
has  been  suggested 
that  this  apparatus 
will  futnish  a  very 
good  means  of  con- 
trol in  the  case  of 
the  horn  fly.  The 
probabilities  are, 
however,  from  the 
experience  with  the 
horn-fly  traps  re- 
ferred to  below,  that  most  of  the  flies  would  abandon  the  cattle  at  the 
moment  of  entrance  to  the  cylinder,  and  its  efficiency  as  a  means  of 
horn-fly  control  is  very  problematical. 

The  process  consists  in  driving  the  animals  through  a  large  cylinder 
through  the  sides  of  which  a  powerful  gasoline  pump  causes  sprays 
of  the  insecticide  to  strike  the  animals  from  all  quarters  and  thor- 
oughly wet  them.  This  machine  is  patented  and  is  sold  at  a  rather 
excessive  price.     The  liquid  used  is  an  emulsion  of  crude  petroleum 

a  For  further  details  of  the  construction  of  dipping  vats  see  Farmers*  Bulletin  378, 
"Methods  of  Exterminating  the  Texas  Cattle  Tick,"  by  H.  W.  Graybill,  Bureau  of 
Animal  Industry.  In  the  case  of  the  vat  there  described,  to  successfully  use  the 
8{>la8hboard  it  may  be  necessary  to  increase  the  height  of  the  sides  of  the  vat  so  that 
the  splashboards  can  be  placed  4  feet  or  a  little  more  above  the  level  of  the  dip. 
[Cir.  U61  ^ 


FiQ.5.— Ground  plan  of  dipping  vat  used  by  Mr.  J.  J.  Welder.    (Original.) 
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in  water  in  the  proportion  of  20  gallons  of  oil  to  80  gallons  of  water, 
with  the  addition  of  5  pounds  of  soap.  This  apparatus  is  claimed  to 
be  able  to  take  care  of  from  3,000  to  4,000  head  of  cattle  per  day. 
With  this  or  some  similar  device  the  control  of  the  horn  fly  ou  a 
broader  scale  may  prove  practicable. 

Horvrjly  traps, — Various  attempts  have  been  made  to  collect  horn 
flies  from  cattle  by  means  of  traps,  the  general  plan  being  to  pass  the 


Fig.  6.— Cross  section  of  dipping  vat  used  by  Mr.  A.  P.  Borden.    (Original.) 

cattle  through  a  dark  room  or  chamber  arranged  with  brushes  at 
the  exit  to  drive  the  flies  from  the  cattle  and  retain  them  in  the 
chamber,  where  they  may  be  attracted  to  a  lighted  cupola,  captured, 
and  destroyed.  Mr.  P.  J.  Parrott,  while  connected  with  the  Kansas 
Experiment  Station,  conducted  elaborate  experiments  in/this  direc- 
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tion,*  but  the  results  were  most  unsatisfactory,  the  great  majority 
of  the  flies  abandoning  the  cattle  at  the  moment  of  entrance,  so  that 
only  about  5  per  cent  of  the  flies  were  captured. 

Destruction  of  larvx  and  pups^. — ^The  destruction  of  larvsB  and 
pupse  in  the  dimg  by  direct  measures  and  consequent  reduction  in 
the  numbers  of  the  adult  insects  is  a  possible  means  of  control,  not, 
however,  always  practicable,  and  having  little  utihty  in  the  case  of 
range  animals.  Two  methods  of  locally  destroying  the  flies  in  the 
dung  have  been  shown  to  be  fairly  eflfective.  A  spadeful  of  lime 
thrown  on  cow  dung  will  destroy  the  larv»  living  in  it,  and  in  small 
pastures  such  treatment  of  dung,  especially  at  points  where  the  cattle 
are  more  apt  to  congregate,  may  be  feasible.  This  treatment  is  espe- 
cially useful  if  carried  out  during  May  and  June,  as  every  larva  killed 
of  the  early  broods  means  a  very  large  reduction  in  the  number  of 
flies  for  midsmnmer  and  later  in  the  season. 

Prof.  J.  B.  Smith  suggests  another  means  of  control,  namely,  the 
spreading  out  of  the  fresh  dung  with  a  shovel,  which  causes  the  rapid 
drying  of  the  dung  and  the  destruction  of  the  Dipterous  larv»  con- 
tained in  it.  This  method  also  is  feasible  only  in  the  case  of  small 
pastures  and  in  dry  weather.  An  inexpensive  method,  suggested 
by  Mr.  D.  L.  Van  Dine,  of  scattering  the  dung  in  yards  and  pens  and 
causing  it  to  dry  quickly  is  to  allow  a  number  of  pigs  to  run  with  the 
cattle.  In  their  efforts  to  obtain  imdigested  particles  of  food  the 
pigs  will  effectually  destroy  the  dxmg  as  breeding  places  for  the  fly, 
at  least  during  dry  periods. 

A  dairyman  in  Texas,  as  reported  by  Mr.  Himter,  has  followed  an 
analogous  method  of  control  which  has  given  him  very  considerable 
protection  from  the  horn  fly.  He  makes  it  a  practice  to  collect 
daily  the  dxmg  in  and  near  the  dairy  bams,  and  every  few  days  this 
collected  material  is  taken  out  and  distributed  with  a  spreading 
machine  on  the  pasture,  so  that  it  promptly  dries  up  and  the  breeding 
of  larvsB  in  it  is  prevented.  Wherever  this  practice  is  feasible  it  is 
to  be  strongly  recommended,  and  has  the  important  additional  argu- 
ment in  its  favor  of  conserving  the  variable  manurial  material  which 
might  otherwise  go  to  waste. 

In  the  same  way,  as  observed  by  Mr.  Mitchell,  during  the  dry 
period  of  July  and  August  in  western  Texas  the  horn  fly  is  very  much 
reduced  in  numbers  by  the  rapid  desiccation  of  the  cow  droppings. 

Approved : 
Jaues  Wilson, 

Secretary  of  Agricvlture, 

Washington,  D.  C,  November  17, 1909. 

a  Kansas  State  Agr.  Coll.  Exp.  Sta.,  Press  Bui.  No.  49,  November  7,  1899. 
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iBsaed  February  7, 1910. 


United  States  Department  of  Agriculture, 

BUREAU  OP  ENTOMOLOGY, 
L.  O.  HOWARD,  Entomologist  and  Chief  of  Bureau. 


THE  LARGER  CORN  STALE-BORER.^ 

(Diatrwa  saccharalia  Fab.) 

By  Geobge  G.  Ainslie, 
Associate  Professor  of  Entomology,   Clemson  Agricultural   College  of  South 

Carolina. 

INTRODUCTION. 

In  many  southern  cornfields  a  heavy  wind  late  in  the  season,  be^ 
fore  the  corn  is  matured,  does  great  damage  by  breaking  the  plants 
off  at  the  surface  of  . 

the     ground,      thus       .A4dA)wra 
ruining    them. 


thus 
An 
examination  of  these 
broken  stems  will,  in 
most  cases,  show  that 
they  have  been 
greatly  weakened  by 
the  burrows  of  a 
larva  or  caterpillar. 
This  larva  (fig.  1)  is 
known  as  "the  lar- 
ger corn  stalk-borer  " 
{Diatrcea  sacchara- 
lis).  Its  work  is 
largely  within  the 
stem  of  the  plant  and 
is  so  concealed  that, 
in  most  cases,  unless  weather  conditions  make  it  conspicuous,  the 
presence  of  the  insect  passes  unnoticed. 

«This  Is  practically  a  revision  of  Circular  No.  16,  prepared  many  years 
ago  by  Dr.  L.  O.  Howard.  Mr.  Ainslie  was  formerly  in  the  employ  of  this 
Bureau  as  an  agent  and  expert  In  cereal  and  forage  insect  investigations,  and 
this  pest  was  one  of  the  subjects  of  investigation  assigned  to  him.  He  after- 
wards did  some  work  upon  the  species  for  the  South  Carolina  Agricultural 
Experiment  Station  in  cooi^eration  wltli  this  Bureau. 
21731— No.  116—10 
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a. 


1. — The  larger  corn  Btalk-borer  {Diafr(ga  aaccharaUs)  : 
Summer  form  of  larva ;  b,  o,  hibernating  forms  of 
larviB ;  d,  third  thoracic  segment  from  above ;  e,  eighth 
abdominal  segment  from  above ;  f,  abdominal  segment 
from  above ;  g,  same  from  side,  a,  h,  c.  Enlarged ;  d,  e,  J, 
still  more  enlarged.     (Redrawn  from  Howard.) 
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This  insect  seems  to  have  been  originally  an  enemy  of  sugar  cane 
and  to  have  first  transferred  its  attention  to  corn  in  the  southern 
part  of  this  country,  where  corn  and  cane  are  grown  over  the  same 
territory.  It  occurs  in  many  countries  where  sugar  cane  i^  the  staple 
crop,  and  has  caused  great  damage  in  the  West  Indies,  British  Guiana, 
Australia,  and  Java.  The  bulk  of  the  evidence  goes  to  show  that  it 
was  first  brought  into  this  country  with  the  importation  of  sugar- 
cane cuttings  from  the  West  Indies  and  Central  and  South  America, 
where,  since  early  times,  it  has  interfered  with  the  production  of  this 
staple. 

In  the  United  States  this  borer  is  found  almost  universally  through- 
out the  South,  from  Maryland  to  Louisiana  and  westward  to  Kansas. 
Among  other  localities  it  has  been  reported  to  the  Bureau  of  Ento- 
mology from  Bennettsville,  S.  C,  as  destroying  com,  especially  that 
planted  early  in  the  season.  From  Waynesboro,  Ga.,  in  1909,  reports 
were  received  that  in  some  fields  the  com  was  "at  least  one-third 
destroyed  "  by  an  insect  which  later  proved  to  be  this  species.  In 
Virginia  it  has  been  found  recently  at  Nathalie,  where  it  was  studied 
by  Mr.  J.  A.  Hyslop,  of  this  Bureau,  at  Allenslevel,  at  Church  Boad^ 
and  at  Farmville.  In  late  October,  1909,  Mr.  E.  G.  Smyth  found 
that  nearly  one-half  of  the  cornstalks  at  Diamond  Springs,  Va., 
were  infested,  often  as  many  as  three  larvae  being  found  in  one 
stalk,  boring  from  the  surface  of  the  ground  down  to  the  base  of 
the  root;  and  while  the  author  has  frequently  found  as  many  as 
a  dozen  larvae  in  a  single  stalk,  there  are*  never  more  than  two  or 
three  pupae  in  the  same  stalk.  In  each  case  it  had  damaged  the  com, 
and  especially  that  planted  early  in  the  season.  Detailed  investi- 
gations of  this  insect  have  been  conducted  by  the  author  during  the 
last  two  years,  chiefly  in  South  Carolina. 

NATURE  OF  DAMAGE. 

Com  is  damaged  by  these  caterpillars  in  two  ways.  First,  in  the 
early  part  of  the  season,  while  the  plants  are  small,  they  work  in  the 
"  throat "  of  the  young  dorn,  and  if  the  tender  growing  tip  within 
the  protecting  leaves  is  once  damaged  all  chances  that  the  plant 
will  become  a  normal  productive  specimen  are  gone.  In  many  sec- 
tions of  the  South  this  is  commonly  known  as  "  bud-worm  "  injury, 
and  though  there  are  several  other  insects  which  cause  a  similar 
mutilation  of  the  leaf,  a  very  large  proportion  of  the  so-called  "  bud- 
worm  "  damage  may  be  charged  to  this  insect.  The  effect  of  its 
work  on  the  leaves  of  the  young  corn  plants  is  similar  to  that  re- 
sulting from  attacks  by  the  corn  billbugs  (Sphenophorus  spp.)  and 
is  evidenced  by  the  familiar  rows  of  small  circular  or  irregular  holes 
across  the  blades  of  the  plant  (fig.  2). . 

The  other  form  of  serious  damage  chargeable  to  this  pest  occurs 
later  in  the  season.    The  larvae,  having  then  left  the  leaves  and 
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descended  to  the  lower  part  of  the  stalk,  tunnel  in  the  pith.  (See 
fig.  3.)  If  the  larvBB  are  at  all  numerous  in  the  stalk,  their  burrows 
so  weaken  the  plant  that  any  unusual  strain  will  lay  it  low  and 
destroy  all  chance  of  its  inaturing.  While  frequently  ten  or  more 
larvae  may  live  and  mature  in  one  plant,  it  must  be  remembered  that 


Fig.  2. — Work  of  larger  corn  stalk-borer,  showing  matllatlon  of  leayes  of  corn  by  larvn. 
Greatly  reduced.     (Original.) 

any  infestation,  however  light,  will  lessen  in  some  degree  the  vitality 
of  the  plant  and  cause  a  corresponding  loss  in  the  quality  and  quan- 
tity of  the  harvest. 

HABrrS  OP  THE  LABV^. 

Immediately  upon  leaving  the  egg  in  spring,  the  young  larva  of 
the  first  generation,  spinning  a  silken  thread  behind  it,  wanders 
down  into  the  throat  of  the  plant  as  far  as  the  water  or  dew  usually 
standing  there  will  allow  it  to  go,  and  begins  to  feed  on  the  leaves, 
going  back  and  forth  through  the  yet  unfolded  clusters  and  soon 
riddling  the  more  tender  leaves  with  aimless  burrows.  If  the  bur- 
row reaches  the  tender  terminal  bud  where  the  future  joints  are 
being  formed,  further  growth  at  that  point  ceases  and  the  plant  be- 
comes stunted  and  misshapen,  with  no  tassel.  As  the  plant  continues 
to  mature,  the  larva  "  grows  out,"  as  the  farmers  say.    It  is  more 

[Clr.  116]  ^ 


likely  that  it  is  the  evidences  of  its  work  and  not  the  larva  itself 
that  "grow  out;"  but  for  whatever  reason,  the  caterpillar  soon  leaves 
the  more  leafy  portion  of  the  plant  and  attacks  the  stalk  at  or  near 
the  ground.  Here  a  hole  is  cut  through  the  outer  wall  of  the  stalk 
and  the  larva  burrows  upward  for  a  short  distance,  after  which  it 
seems  to  run  aimlessly  through  the  pith,  frequently  even  leaving  the 


Fia.  3. — The  larger  com  stalk-borer  :  Larva  In  lower  part  of  corn  plant  preparatory  to 
hibernation.     Reduced.      (Original.) 

stalk  entirely  and  reentering  it  at  another  point.  Turning  upward, 
the  caterpillar,  when  fully  grown,  bores  toward  the  outside  and 
cuts  a  circular  hole  in  the  outer  wall  of  the  stalk.  Then,  after 
spinning  a  few  loose  threads  across  this  opening  to  keep  out  un- 
desirable visitors,  it  retreats  a  short  distance,  plugs  the  burrow  below 
with  digested  pith,  and  in  the  chamber  thus  created  slowly  changes 
to  the  next  or  pupal  stage  (fig.  4,  c).  r^  T 
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Seldom  is  the  stalk  damaged  above  the  third  joint  from  the  ground, 
although  the  larvae,  when  small,  are  found  in  the  large  midribs  of 
the  lower  leaves  and  later  in  the  season,  when  the  food  supply  is 
restricted,  even  in  succulent  nubbins  farther  up.  They  sometimes 
also  penetrate  the  underground  part  of  the  stalk  in  feeding  and  enter 
some  of  the  larger  brace  roots  for  a  short  distance. 

The  larvae  of  the  second  generation  work  in  a  similar  manner,  except 
that  at  the  time  they  appear  the  tassel  has  been  formed;  hence  the 
damage  is  now  confined  altogether  to  the  lower  stalk.  Thus,  instead 
of  arranging  to  pass  the  pupal  stage  in  the  upper  stalk,  they  pene- 
trate to  the  root  to  hiber- 
nate and  there,  as  larvae, 
pass  the  winter  in  a  qui- 
escent state  (fig.  3). 

SEASONAL  HISTORY. 


During  the  winter  this 
enemy  of  com  is  to  be 
found  as  a  robust,  creamy- 
white  larva  of  the  second 
generation  in  the  lower 
part  of  the  stalk — or  of 
the  stubble,  if,  as  is  usu- 
ally the  case,  the  corn 
has  been  cut.  In  this  lo- 
cation the  larva  forms  a 
small  cavity  below  the  sur- 
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Fig.  4. — The  larger  com  stalk-borer:  a.  Female 
moth  ;  h,  wings  of  male ;  o,  pupa.  All  somewhat 
enlarged.     (Original. ) 


face  of  the  ground,  well  protected  from  birds,  predaceous  insects, 
and  unfavorable  weather  conditions.  From  the  time  the  corn  is 
mature  in  the  fall  until  about  corn-planting  time  in  the  spring  this 
caterpillar  remains  inactive.  About  the  time  the  ground  is  being 
prepared  for  corn,  from  March  15  to  April  30,  depending  on  the 
locality,  this  larva  changes  into  a  reddish-brown  pupa  or  chrysalis 
(fig.  4,  c).  After  a  further  period  of  ten  or  more  days'  inactivity  the 
adult  insect  emerges  from  the  pupa  case  as  a  pale  brownish-yellow 
moth  (fig.  4,  a,  &)  ,with  a  spread  of  wings  of  about  an  inch  and  a  quarter. 
The  moths  then  mate  and  the  females  begin  at  once  to  deposit  eggs 
on  the  underside  of  the  leaves,  the  larvae  hatching  from  these  eggs 
forming  the  first  generation. 

The  eggs  hatch  in  from  seven  to  ten  days  and  the  young  larvae 
begin  their  destructive  work  in  the  upper  leafy  portion  of  the  plant, 
later  descending  to  the  base  of  the  stalk,  where  they  attain  full 
growth.  This  period,  froni  egg  to  full-grown  larva,  requires  from 
twenty  to  thirty  days,  depending  largely  on  the  weathei;  conditions 
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and  the  vigor  of  the  plant.  The  larvw  when  full  grown  pupate  in 
the  stalk,  usually  in  the  second  or  third  joint  from  the  ground,  and 
in  from  seven  to  ten  days  the  adult  moths  of  the  first  generation 
emerge. 

The  eggs  for  the  second  generation  are  laid  in  similar  positions 
on  the  lower  leaves  or  on  the  stem,  and  the  larvae,  after  feeding  for 
a  short  time  on  the  leaves,  go  directly  to  work  in  the  stalk,  completing 
their  larval  growth  in  the  pith  of  the  lower  stalk  as  did  the  larva? 
of  the  first  generation.  No  damage  is  done  to  the  upper  part  of  the 
plant  by  larva?  of  the  second  generation. 

By  the  time  the  larva?  of  the  second  generation  are  full  grown 
the  corn  is  rapidly  nearing  maturity,  and,  instead  of  pupating  in 
the  stalk,  they  turn  downward,  penetrate  to  the  extreme  lower  tip 
of  the  taproot,  and  there  form  a  small  cavity  in  which  to  pass  the 
winter.  At  this  time  the  larvae  lose  the  darker  markings  of  the  ear- 
lier forms,  and  as  overwintering  larvae  are  creamy-yellow  in  color. 
They  are  plump  and  active  in  the  fall,  but  flabby  and  sluggish  after 
fasting  throughout  the  winter.  The  only  way  in  which  the  insect 
passes  the  winter  is  in  the  form  of  this  overwintering  larva,  found 
below  the  ground  in  the  extreme  lower  tip  of  the  corn  roots.  Two 
generations  a  year  appear  to  be  the  rule,  although  it  is  possible  that 
in  the  far  South  and  on  sugar  cane  a  partial  third  generation  may 
occur. 

DESCRIPTIONS. 

Egg. — The  eggs  are  flat  and  scalelike,  almost  circular  in  outline, 
and  are  placed  in  rows  or  irregularly,  overlapping  one  another 
shingle  fashion.  From  two  to  twenty -five  eggs  are  laid  in  one  place 
on  the  underside  of  a  lower  leaf  or  occasionally  on  the  upper  side 
and  on  the  stem.  Creamy-white  when  first  laid,  they  gradually 
change  to  a  reddish-brown,  and  in  seven  to  ten  days  a  minute,  bristly, 
reddish  caterpillar  cracks  the  shell  and  crawls  out  through  a  narrow 
slit  at  one  end.  The  eggs  are  about  three  one-hundredths  of  an  inch 
(7.6  nun.)  long  and  about  two-thirds  as  wide.  After  hatching,  the 
white  papery  shells  are  soon  washed  off  the  leaves. 

Larva, — The  larva  of  the  first  generation  (fig.  1,  a)  when  full 
grown  is  a  robust,  dirty-white  caterpillar  1  inch  in  length,  thickly 
covered  with  round  or  irregular  dark  spots,  each  of  which  bears  a 
short,  dark  bristle.  \Mien  the  larva  is  small  these  markings  are 
almost  contiguous,  giving  the  whole  insect  a  dark  color  and  a  hairj' 
appearance.  The  head  and  thoracic  plate  of  all  the  stages  are 
brownish-yellow.  The  overwintering  larva  of  the  second  generation 
(fig.  1,  6,  c)  gradually  loses  the  darker  marking^  of  the  body  and 
after  the  last  molt  remains  unspotted  and  light  yellow  in  color, 
except  for  the  head  and  the  thoracic  plate,  which  retain  the  brownish- 
yellow  of  the  earlier  stages. 
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Pupa. — ^When  first  formed,  the  pupa  (fig.  4,  c)  is  light  honey- 
yellow  in  color,  soon  changing  to  a  rich  mahogany-brown.  It  is 
about  seven-eighths  of  an  inch  in  length  and  is  able  to  contort  itself 
violently  when  disturbed.  It  lies  in  the  cavity  usually  with  the  head 
up.  On  emerging,  the  moth  leaves  the  brownish  shell  of  the  pupa 
case,  partially  withdrawn  from  the  hole. 

Adult. — ^The  female  moth  (fig.  4,  a)  varies  in  color  from  almost 
white  to  smoky  yellow.  The  fore  wings,  which  spread  to  about  li 
inches,  are  darker  than  the  hind  wings,  and  bear  faint  markings. 
When  at  rest  the  wings  are  held  close  to  the  body,  forming  an  acute 
triangle.  The  egg  laying  is  done  for  the  most  part  either  at  night  or 
in  the  dusk  of  evening,  the  moths  flying  rapidly  from  plant  to  plant 
The  male  moth  (fig.  4,  6)  is  usually  somewhat  darker  in  color  than 
the  female  and  always  smaller. 

FOOD  PLANTS. 

Besides  com  and  sugar  cane,  this  borer  has  been  reported  as  feed- 
ing on  sorghum,  Johnson  grass,  guinea  cQrn,  and  grama  grass.  The 
injury  to  the  four  last-mentioned  plants  is  never  severe,  but  in  plan- 
ning methods  of  control  they  must  be  considered  and  an  examination 
made  to  determine  whether  or  not  they  are  harboring  the  pest. 

NATURAL  CHECKS. 

The  larger  com  stalk-borer  has  very  few  natural  enemies.  A 
minute  Hymenopterous  parasite  {Trichogramma  pretiosa  Riley)  has 
in  a  very  few  instances  been  found  living  in  and  destroying  the  eggs. 
In  one  case  ten  of  these  minute  parasites  were  reared  from  two  eggs. 
The  larva  of  a  brown,  velvety  beetle  {Chauliognathua  pennsylvanictis 
DeG.)  sometimes  enters  the  holes  in  the  stalks  of  stubble  after  the 
com  is  cut  and  devours  the  caterpillars  found  therein.  This  larva 
has  been  found  to  be  of  great  value  in  reducing  the  numbers  of  the 
borers  in  fields  of  sugar  cane.  The  termites  or  white  ants  {Termes 
flavipes  KolL),  locally  known  as  "wood  lice,"  have  been  observed 
destroying  the  larvae  in  the  stubble  in  the  winter,  although  apparently 
only  when  the  presence  of  the  larvje  interfered  with  the  work  of  the 
ants.  In  a  few  cases  bodies  of  the  borers  have  been  found  in  the 
stubble  killed  by  a  fungus,  as  yet  undetermined,  which  envelops  their 
bodies  in  a  white  mold.  Ftmgi,  however,  are  too  dependent  on 
weather  conditions  to  be  of  any  practical  value  in  controlling  the  pest. 

PREVENTIVE    MEASURES. 

Rotation  is  one  of  the  best  general  preventives  of  injury  from  in- 
sects aflFecting  field  crops.  Experience  has  shown  that  where  com 
has  followed  itself  upon  the  same  field  for  two  or  more  years  there 
has  been  a  much  greater  loss  from  the  borer  than  where  an  annual 
change  of  crop  has  been  practiced.    This  is  especially^  noticeable 
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'where  stalks  or  stubble  from  the  previous  year  have  been  allowed  to 
remain  undisturbed  throughout  the  winter.  The  moths,  upon  emer- 
gence in  the  spring,  finding  themselves  surrounded  by  the  young 
com,  commence  egg  laying  at  once  and  escape  the  dangers  encountered 
in  searching  for  another  field  of  corn.  A  forced  journey  in  search  of 
young  com  results  in  many  of  the  females  being  eaten  by  birds  or 
being  destroyed  because  of  rain,  cold,  or  failure  to  find  the  object  of 
their  quest.  A  few  moths  will  always  succeed  in  their  search,  but  the 
successful  proportion  will  be  greatly  decreased  by  persistent  crop 
rotation. 

Another  remedy,  probably  the  best  for  this  insect,  is  the  thorough 
destruction,  some  time  before  the  period  of  emergence  of  the  moths 
in  the  spring,  of  all  the  stalks  and  stubble  remaining  in  the  field  from 
the  preceding  crop.  If  all  this  trash  can  be  disposed  of  before  the 
opening  of  spring,  the  numbers  of  the  pest  must  be  greatly  diminished 
if  not  almost  exterminated,  for  the  only  form  in  which  the  insect 
passes  the  winter  is  that  of  the  caterpillar,  and  the  only  known  loca- 
tion is  in  the  lower  tip  of  the  corn  root,  snugly  hidden.  Some  few 
may,  however,  be  found  to  survive  in  the  roots  of  the  larger  grasses 
mentioned  above,  and  care  should  be  taken  in  such  cases  to  treat  these 
in  the  same  way.  The  method  employed  in  disposing  of  the  stubble 
and  stalks  will  depend  largely  on  the  conditions  in  individual  cases. 
If  the  stubble  is  cut  low  and  the  land  is  moderately  heavy,  a 
thorough  deep  plowing  may  suffice,  an  inch  or  two  of  well-settled  soil 
being  sufficient  to  prevent  the  escape  of  the  adult  moths.  Bringing 
the  stubble  to  the  surface  where  it  can  dry  will  kill  some  of  the  con- 
tained larvae,  but  this  method  depends  too  much  on  the  state  of  the 
weather  to  be  trusted.  By  far  the  most  effective  plan  is  to  remove 
the  stubble  from  the  field  with  a  rake  and  bum  it. 

In  the  cane  field  the  methods  of  treatment  must  be  adjusted  to 
correspond  with  the  methods  of  handling  that  crop.  The  larvae  com- 
monly spend  the  winter  in  the  trimmings  and  tops  which  have  been 
discarded  at  harvest  time  because  of  immaturity.  This  refuse,  left 
on  the  ground  throughout  the  winter,  becomes  dry  and  inflammable 
and,  if  thoroughly  burned  before  spring,  enough  larvae  will  be  killed 
to  insure  at  least  temporary  relief  from  the  ravages  of  the  borer. 

Any  method  which  will  insure  the  complete  destruction  of  the  over- 
wintering larvae,  if  persisted  in  and  carried  out  simultaneously  over 
large  sections  of  the  coimtry,  will  effectually  preclude  serious  damage 
from  the  insect. 

Approved : 

Ja?ies  Wilson, 

Secretary  of  Agriculture. 

Washington,  D.  C,  December  14, 1909. 
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THE  WESTERN  GRASS-STEM  SAWPLY. 

(Ceptius  orcidcntnUa  Riley  and  Marlatt.) 

By  F.  M.  Webster. 

In  Charge  of  (Ureal  ami  Forage  Inseet  InreHtigationSy 

and 

(Jko.  I.  Ukkves, 

4Speeia1   Field  Agent, 

INTRODIXTIOX. 

The  western  grass-stem  sawfly  (Cephus  occidentaUs  Riley  and 
Marlatt),  which  has  caused  much  alarm  and  not  a  little  loss  to  the 
wheat  growers  of  North  Dakota  during  the  season  of  1909,  is  not  by 
any' means  a  new  insect,  although  this  is  its  first  appearance  in  the 


Fic;.    1. — Western  grass-stem  sawfly    iCephun  orcidcntalia)  :  a.  Larva;   6.  female  sawfly  ; 
f.  grass  stem  showing  work,     c,  F:nlnrged  ;  a.  b.  more  enlarged.      (From  Marlatt.) 

United  States  as  a  serious  pest.  It  was  first  observed  in  1890  lyid  has 
since  been  reported  at  intervals  as  feeding  upon  grasses  and  occa- 
sionally upon  wheat  in  Canada  and  the  United  States.  For  the  pur- 
poj^  of  affording  farmers  all  available  information  relative  to  the 
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pest  this  circular  has  been  prepared.  The  account  of  the  habits  and 
seasonal  history  of  the  insect,  list  of  food  plants,  and  description  of 
both  larva  and  adult  represent  the  work  of  the  many  observers  men- 
tioned in  the  paragraph  on  history  and  distribution,  as  do  also  the  clos- 
ing statements  as  to  natural  checks  upon  its  increase,  and  preventive 
treatment. 

HISTORY  AND  DISTRIBUTION. 

The  first  observation  on  this  insect  was  made  by  Mr.  Albert 
Koebele,"  an  agent  of  this  office,  who  found  the  larv^a?  burrowing  in 
grass  stems  in  California  in  1890,  and  who  reared  the  adults.  From 
these  and  others  which  had  been  collected  in  Montana  and  Nevada  the 
species  was  described  by  Riley  and  Marlatt,  who  said :  "  The  eco- 
nomic importance  of  this  species  arises  from  the  fact  that  it  may  be 
expected  at  any  time  to  abandon  its  natural  food  plant  in  favor  of 
the  small  grains,  on  which  it  can  doubtless  successfully  develop. 
Such  changes  in  the  food  habits  of  our  native  insects  are  constantly 
occurring  to  the  great  detriment  of  our  agriculture,  as  is  illustrated 
by  the  attack  of  the  Nematus  and  Dolerus  species  on  wheat,  these 
insects  normally  affecting  wild  grasses." 

The  fulfillment  of  this  prophetic  suggestion  was  not  long  delayed. 
In  1896  the  late  Dr.  James  Fletcher,^  entomologist  to  the  Dominion 
of  Canada,  reported  that  he  had  found  the  adults,  which  he  be- 
lieved were  thos?e  of  Cephvs  pygnn(^u8  L.,  the  European  species,  at 
Indian  Head,  Northwest  Territories  [Saskatchewan],  and  that  Mr. 
John  Wenman,  of  Souris,  Manitoba,  had  sent  in  wheat  straws  con- 
taining larva*.  Mr.  Wenman  wrote  that  the  damage  resulting  from 
this  attack  was  not  appreciable.  In  1902  Doctor  Fletcher*^  found 
the  larvae  numerous  in  grasses  in  the  Northwest.  In  1905,  190G,  and 
1907  the  junior  author  observed  the  work  of  the  larvae  in  grasses 
throughout  the  northwestern  United  States,  and  in  1906  found  them 
damaging  wheat  at  Kulm,  N.  Dak.  In  his  report  for  the  year  1908 
Doctor  Fletcher  again  referred  to  this  insect,  stating  that  in  the  pre- 
vious autumn  it  had  appeared  in  central  Manitoba  and  the  south- 
eastern part  of  SaJ^katchewan  in  much  more  serious  numbers  than  at 
any  previous  time.  *'  The  broken  straws  which  resulted  from  its  attacks 
were  seen  in  many  fields  and  occasioned  some  alarm."  Mr.  Norman 
Criddle** — a  farmer  and  careful  observer  of  insects,  of  Aweme, 
Manitoba,  and  the  inv^entor  of  the  grasshopper  poison  which  bears 
his  name — recognized  the  insect  as  Cephus  occidentalism  and  wrote 
Doctor  Fletcher  at  the  end  of  the  season  that  the  species  had  increased 


«  Insect  Life,  Vol.  Ill,  p.  71,  islK). 

^Anii.  Rei»,  Exp.  Fnruis  raiiacla  f.  ISDO,  i>p.  22U-230,  1897. 
^  letter. 

^'Aun.  Uei).  Exp.  Farms  ("anada  f.  1907-S.  pp.  101-11)2,  1900. 
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considerably  during  the  last  year  or  two  and  had  turned  its  attention 
to  wheat  and  rye.  In  1908  the  authors  found  it  in  grasses  in  the 
Willamette  Valley  in  Oregon.  In  1909  Prof.  H.  B.  Penhallow,  of 
New  York  City,  writing  from  Sherwood,  N.  Dak.,  stated  that  it 
was  damaging  from  5  to  25  per  cent  of  the  wheat  in  many  fields 
in  the  Souris  Valley,  and  Mr.  R.  W.  Sharpe,  of  Fargo,  N.  Dak., 
reported  similar  depredations  in  the  Red  River  Valley.  Larvae  or 
adults  have  been  found  in  Manitoba,  the  Dakotas,  Nebraska,  Kansas 
(probably),  Saskatchewan,  Montana,  Wyoming,  Colorado,  Oregon, 
Nevada,  and  California. 

HABITS  AND  SEASONAL  HISTORY. 

In  Manitoba,  according  to  Mr.  Criddle,**  the  eggs  are  laid  singly 
by  the  female  sawfly  (fig.  1,  &)  upon  a  stem  of  grass  or  wheat,  not 
far  from  the  head,  between  June  20  and  the  second  week  of  July. 
"  The  larvae  (fig.  1,  a)  soon  hatch  and  begin  to  eat  down  inside  the 
stem,  usually  reaching  the  ground  toward  the  end  of  August,  at 
which  time  they  mature."  They  then  cut  a  horizontal  ring  on  the 
interior  of  thfe  stem  near  the  surface  of  the  ground  so  as  nearly  to 
sever  it,  after  which  they  close  the  cavity  below  smoothly  with  a  plug 
of  castings  and  spin  a  thin,  silken,  cylindrical  cocoon  below  the  plug 
(fig.  1,  c).  The  stem  usually  breaks  off  neatly  at  the  engraved  ring 
during  the  autumn,  but  may  remain  in  position  until  winter  and 
possibly  longer.  "  In  these  retreats,"  to  quote  again  from  Mr.  Crid- 
dle,  "the  larvte  pass  the  winter  and  remain  in  an  active  condition 
unchanged  until  May  of  the  following  year,  when  they  turn  to  pupae, 
and  emerge  as  perfect  sawflies  toward  the  end  of  June,  the  date  vary- 
ing somewhat  with  the  season."  The  adults  were  taken  by  Doctor 
Fletcher,^  July  5,  on  the  flowers  of  tumbling  mustard. 

The  injured  stem  appears  discolored  between  the  first  and  third 
joints  and  the  larva  may  be  seen  through  the  translucent  wall  of  the 
stem  where  it  is  eaten  thinnest.  In  the  case  of  wheat,  the  stalk  often 
bends  at  this  point,  an  inch  or  two  below  a  joint  rather  than  above 
as  in  Hessian  fly  injury,  and  the  head  falls  to  the  ground  shortly 
before  harvest.  Dr.  J.  H.  Comstock  ^  found  that  the  European  corn 
sawfly,  an  allied  species,  did  not  affect  the  size  of  the  head  or  of  the 
kernels,  but  it  is  well  known  that  grasses  have  the  heads  blighted  by 
our  species,  and  Professor  Penhallow  writes  that  the  heads  of  wheat 
are  shrunken  owing  to  the  diversion  of  sap  at  this  critical  time.  If 
this  be  generally  true,  the  damage  to  the  crop  is  much  greater  than 
has  been  estimated  from  the  number  of  fallen  heads.    Mr.  Criddlo" 


«Ann.  Rep.  Exp.  Farms  Caiuula  f.  1907-8,  pp.  191-192,  1909. 
»Ann.  Rep.  Exp.  Farms  Canada  f.  1890,  pp.  229-2.30,  1897. 
^  Bui.  11,  Cornell  Univ.  Agr.  Exp.  Sta.,  November,  1889, 
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states  that  in  a  field  of  wheat  at  Aweme,  Manitoba,  75  per  cent  of  the 
infested  stems  collapsed  before  harvest,  but  we  observed  a  field  at 
Kulm,  N.  Dak.,  to  have  only  6  per  cent  of  the  injured  straws  broken. 
The  native  grasses  do  not  collapse  when  attacked  by  this  insect  and  it 
is  possible  that  some  stiff-stenmied  wheats  may  stand  up  better  than 
other  varieties.  This  is  an  advantage  to  the  farmer  in  preventing 
total  loss  of  the  affected  heads,  but  a  disadvantage  if  it  prevents 
him  from  detecting  the  cause  and  extent  of  a  serious  shrinkage  of 
the  kernels. 

The  damage  has  been  confined  heretofore  to  the  edges  of  fields 
bordered  by  grass  lands  or  roadsides.  Mr.  Criddlc  states  that  50 
per  cent  of  the  stand  is  infested  for  a  distance  of  100  feet  into  the 
fields,  and  that  the  damage  is  apparent  to  a  lesser  extent  throughout 
the  crop.  He  also  states  that  the  insect  seeks  wheat  only  when  it 
fails  to  find  enough  flowering  stems  of  grasses  in  which  to  deposit 
its  eggs.  Recent  reports  from  North  Dakota  indicate  that  the  injury 
may  be  more  general  than  heretofore  and  suggest  that  the  insect  has 
probably  adapted  its  habits  to  conform  to  the  farm  methods  of  that 
region  so  that  it  no  longer  depends  upon  native  grasses  but  breeds 
throughout  the  fields,  at  once  distributing  the  damage  more  evenly 
and  increasing  its  capacity  for  harm.  A  pest  which  can  take  advan- 
tage of  wild  food  plants  and  yet  be  independent  of  them  is  far  more 
dangerous  than  one  which  can  feed  only  upon  wheat  or  one  which 
requires  both  wheat  and  a  native  grass. 

FOOD  PLANTS. 

This  sawfly  is  a  native  insect  which  has  learned  to  attack  wheat  and, 
according  to  Mr.  Griddle,  rye  also,  since  these  have  taken  the  place 
of  its  native  food  plants — quack  grass  and  wheat  grass  (Agropyron », 
brome  grass  (Bromus),  rye  grass  (Elymiis),  and  timothy  (Phleum). 
It  was  especially  abundant  in  Agropyron  along  railroad  embank- 
ments in  North  Dakota  in  1905  and  1906,  so  that  in  many  clumps 
of  this  grass  one-half  of  the  heads  were  prematurely  whitened. 

DESCRIPTION. 

The  larva  (fig.  1,  a)  is  about  three-fifths  of  an  inch  long  and  one- 
eighth  as  wide,  slightly  larger  near  the  head,  and  tapering  toward 
the  tail,  which  ends  in  a  small,  blunt,  upturned,  brown  tubercle.  The 
body  is  yellowish  white;  the  head,  a  spot  on  the  back  of  the  neck, 
rings  on  the  palpi,  the  tips  of  the  paired  cerci,  and  the  setro  on  the 
last  segment,  are  pale  yellow ;  the  margin  of  the  cheeks  and  of  the 
antennal  segments,  a  faint  streak  on  each  cheek  through  the  eye,  the 
mandibles,  the  stigmata,  and  the  median  anal  tubercle,  are  mahogany 


«Loc.  cit. 
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brown:  the  mandibles  shade  to  black  at  the  tips  and  at  the  hinges; 
the  eyes  are  black. 

The  adult  (fig.  1,  6)  is  a  black,  shining,  four- winged  sawfly,  about 
one-third  of  an  inch  long,  spotted  and  banded  with  yellow.  The 
original  description  "  is  as  follows : 

The  adult  insect  agrees  almost  exactly  with  Crphus  pygmauH  in  coloration, 
coming  much  closer  to  it  in  this  respect  than  to  any  other  American  8i)ecies,  but 
Is  in  every  way  more  slender  and  graceful  and  would  never  be  mistaken  for  the 
European  species.  The  head  is  narrower  in  proportion  to  the  body  and  is  more 
globular  when  yieweil  from  the  side.  Viewed  from  above  it  narrows  more  ik)s- 
teriorly  froui  the  eyes  than  pygmwus.     *     *     * 

The  species  may  be  characterized  as  follows : 

$  Black;  basal  joints  of  the  maxillary  palpi,  large  spot  on  mandibles,  two 
spots  beneath  anterior  wings,  membranous  regions  of  thorax,  small  spot  on 
lower  posterior  edge  of  dorsum  of  first  segment,  larger  one  on  second  segment, 
band,  dentate  on  basal  margin,  on  apical  half  of  dorsum  of  third,  fifth,  and 
sixth  segments,  and  more  or  less  of  the  lower  and  apical  margin  of  the  re- 
maining segments,  lemon  yellow. 

Legs  black,  slender;  spot  on  posterior  coxae  above,  upper  side  and  tip  of 
femora,  yellow:  tibire  and  tarsi  reddish  yellow  except  tips  of  posterior  tibia; 
and  their  tarsi,  which  are  brownish;  last  joint  and  claws  of  middle  and  an- 
terior tarsi  also  brownish. 

Antennae  20-21  jointed,  longer  than  head  and  thorax,  slender  to  joint  7, 
beyond  which  the  articles  are  shorter  and  thickened. 

Wings  slightly  smoky;,  veins  brown  except  costal  and  margin  of  stigma, 
which  are  yellowish;  a  small  infuscated  spot  at  base  of  discoidal  vein;  second 
recurrent  vein  joins  the  third  submarglnal  cell  near  the  base  of  the  cell;  cross 
veins  of  lanceolate  cell  slightly  curved  and  oblique. 

Abdomen  not  much  longer  than  head  and  thorax,  strongly  compressed 
laterally. 

Length,  9-11  mm. 

Exp.  al.,  16-19  mm. 

S  smaller  and  more  slender  than  the  $  ;  abdomen  less  compressed:  antennte 
18-21  jointed.  Coloration  as  in  $  except  a  large  spot  on  the  clypeus,  one  just 
below  the  eyes  in  front,  the  entire  pectal  region  of  the  thorax,  and  the  posterior 
margin  of  the  third,  fifth,  and  remaining  ventral  segments,  which  are  lemon 
yellow. 

The  under  side  of  the  coxae,  trochanters,  and  femora,  including  the  apex  of 
the  latter  above,  are  lemon  yellow;  the  tibiae  and  tarsi  are  as  In  the  case  of 
the  9. 

In  some  specimens  the  femora  are  entirely  yellow  or  with  a  narrow  black 
line  on  the  anterior  pair  above,  and  the  yellow  band  on  the  third  ventral  seg- 
ment is  occasionally  obsolete. 

length,  8-0  mm. 

Exp.  al.,  15-17  mm. 

Habitat :  Santa  Clara  County  and  Santa  Cruz  Mountains,  Califoniia.  Nevada, 
and  Montana. 

Described  from  24  females  and  14  males,  of  which  2.'>  si)ecimens  from  Cali- 
fornia were  bretl  by  Mr.  Koebele.  and  13  from  Nevada  and  Montana  were 
collected. 
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XATURAL   CHECKS, 

Mr.  Criddle  found  that  many  of  the  broken  stems  of  infested 
wheat  had  bent  in  such  a  way  as  to  crush  and  kill  the  larva  which  was 
working  at  the  point  where  the  stem  collapsed.  Since  the  stems  of 
grasses  do  not  break  under  the  attack,  this  is  a  danger  which  the  in- 
sect has  incurred  by  changing  to  a  new  food  plant.  This  form  of 
accident  materially  reduces  the  number  of  individuals  which  may 
reach  maturity  and  deposit  eggs  in  the  wheat,  since  from  6  to  75  per 
cent  of  the  infested  stems  break  near  the  point  where  the  larva  is 
working,  shortly  before  the  larva  retreats  toward  the  roots  to  pre- 
pare for  hibernation. 

Parasites  were  reared  by  the  junior  author  from  larva?  collected  at 
Minot,  N.  Dak.,  belonging  to  an  undescribed  species  of  the  Chalcidid 
tribe  Entedonini. 

PRFAENTIVE   MEASURES. 

Mr.  Criddle  tried  burning  tlie  stubble  in  the  autumn  with  the  aid 
of  straw  scattered  over  it,  but  found  that  the  larvae  were  not  much 
damaged  thereby.  A  remedy  which  suggests  itself  and  has  been 
practiced  to  some  extent  is  the  plowing  down  of  all  stubble,  either  in 
autumn  or  before  June  15,  at  which  time  the  adults  may  be  expected 
to  emerge  and  deposit  eggs.  Grass  growing  near  the  edges  of  fields 
should  be  mowed  early  in  July,  while  the  larvae  are  small,  to  prevent 
them  from  maturing  and  attacking  the  crop  of  the  following  year. 

Approved : 

James  Wilson, 

Serretar^y  of  Agriculture. 
Washington,  D.  C,  Deccmher  .li.  1909, 

[Clr.  117] 

O 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Iflsued  April  23, 1910. 


U.  S.  DEPARTMENT  OF  AGRICULTURE. 
BUREAU  OF  ENTOMOLOGY— CIRCULAR  No.  118. 

L.  O.  HOWARD.  EtfooiolaaatuxiCbU  of  Burma. 


A  PREDACEOUS  MITE  PROVES  NOXIOUS  TO  MAN. 

(^Pedicvloides  ventricosus  Newport.) 


F.  M.  WEBSTER, 

In  Charge  of  Cereal  and  Forage  Insect  Investigations. 


WASHINGTON  :  GOVERNMENT  PRINTING  OFFICE  :  1010 


Digitized  by 


Google 


BUREAU  OF  ENTOMOLOGY. 

L.  O.  Howard,  Entomologiit  and  Ckief  of  Bureau. 
C.  L.  Marlatt,  Asnstant  Entomologut  and  Acting  Chief  in  Absence  of  Chief. 
R.  S.  Clifton,  Executive  Assistant. 
Chas.  J.  GiLUSs,  Chief  Clerk. 

F.  H.  Chittenden,  in  charge  of  truck  crop  and  stored  product  insect  invesHgatixms. 

A.  D.  Hopkins,  in' charge  of  forest  insect  investigations. 

W.  D.  Hunter,  in  charge  of  southern  field  crop  insect  investigations. 

F.  M.  Webster,  in  charge  of  cereal  and  forage  insect  investigations. 

A.  L.  QuAiNTANCE,  in  charge  of  deciduous  fruit  insect  investigations. 

E.  F.  Phillips,  in  charge  of  bee  culture. 

D.  M.  Rogers,  in  charge  of  preventing  spread  ofmothSy  field  work. 

RoLLA  P.  Currie,  in  charge  of  editorial  work. 

Mabel  Colcord,  librarian. 

Cereal  and  Forage  Insect  Investigations. 
F.  M.  Webster,  in  charge. 
Geo.  I.  Reeves,  W.  J.  Philups,  C.  N.  Ainslie,  E.  O.  G.  Kelly,  J.  A.  Hyblop, 

V.    L.    WiLDERMUTH,    R.    A.    ViCKERY,    T.    H.    PaRKS,    HERBERT    OSBORN,    PhILIP 

LuGiNBiLL,  agents  and  experts. 

(») 
[Clr.  118] 


Digitized  by 


Google 


Circular  No.  1 1 8.  inued  April  23.  i9io. 

United  States  Department  of  Agriculture, 

BUREAU  OF   ENTOMOLOGY, 
L.  O.  HOWARD,  Bntomologlst  and  Chief  of  Bureau. 


A  PREDACEOUS  MITE  PROVES  NOXIOUS  TO  MAN. 

(Pediculoides  ventricosus  Newport.) 

By  F.  M.  Wbbstbr, 
In  Charge  of  Cereal  and  Forage  Insect  Investigations. 

INTRODUCTION. 

While  the  scientific  and  medical  Uterature  of  European  countries, 
and  to  some  extent  of  Asiatic  countries,  contains  numerous  records 
of  mites  attacking  man,  it  is  difficult  to  determine,  from  a  perusal 
of  this  Uterature,  whether  or  not  the  mite 
Pedicvloides  verUricosus  Newport,  shown  in 
its  most  active  form  by  figure  1,  has  been 
concerned  in  these  attacks.  There  is  no 
particular  reason  why  it  should  not  have 
become  noxious  to  man  precisely  as,  and 
elsewhere  than,  in  America,  because  it  has 
doubtless,  with  its  host  insect,  the  Angoumois 
grain  moth,  Sitotroga  cereaMla  OH  v.  (fig.  3), 
been  distributed  in  grains  throughout  the 
warm  regions  of  the  globe,  wherever  these 
grains  have  entered  into  international  com- 
merce. While  there  is  a  decided  similarity 
between  these  attacks  on  man  in  Europe  and 
America,  the  writer  is  unable  to  select,  from 
the  various  instances  recorded,  a  single  one  in 
which  he  can  unhesitatingly  say  that  this  and 
not  some  other  species  of  mite  was  responsi- 
ble for  such  attacks.  In  many  cases  it  is  very 
clearly  to  be  seen  that  other  and  very  differ- 
ent species  of  mites  have  been  involved  in  attacks  of  a  similar  nature, 
both  in  this  country  and  in  Europe.     Here  in  America  such  troubles 
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FiQ.  1.— Adult  female  of  Pedicu- 
loides vetUricosus,  before  the  ab- 
domen has  become  inflated  with 
eggs  and  young.  In  this  condi- 
tion the  mite  is  nomadic  and 
predatory.  Oreatly  enlarged. 
(Redrawn  from  Brucker.) 


have  until  recently  been  commonly  attributed  to  ^'chiggers,"**  which 
inhabit  neither  the  dried  straw  nor  thrashed  grain.  The  term  '^chig- 
ger''  really  includes  a  number  of  different  kinds  of  mites,  notably  the 
young  of  Trombidium  and  other  insects  which  inhabit  grassy  and 
weedy  places  and  woodlands.  This  is  why  it  is  that  people  visiting 
such  places  are  not  infrequently  attacked  and  suffer  painfully  there- 
from. While  our  knowledge  of  the  matter  remained  in  this  condi- 
tion, the  possibiUty  of  confusing  the  disease  discussed  herein  with 
others  of  a  much  more  serious  nature  was  very  great,  but  now  that 
we  understand  the  causes  and  know  that  these  causes  can  be  re- 
moved, and  the  physician  enabled  to  distinguish  it  from  an  attack 
of  ^'chiggers''  and  prescribe  proper  treatment,  much  of  this  danger 

and  painful  annoyance  may 
be  eliminated.  There  is  also 
another  point  that  must  not 
be  overlooked,  namely,  that 
this  mite  during  its  period  of 
greatest  activity  is  almost  in- 
visible to  the  unaided  eye  (see 
fig.  1).  Not  every  practicing 
physician  possesses  a  micro- 
scope that  will  enable  him  to 
detect  the  presence  of  the 
mite,  even  when  abundant, 
but  the  pustules  or  wheals 
caused  by  it  are  sufficiently 
described  in  the  paper  by  Doc- 
tors Goldberger  and  Scham- 
berg  and  the  one  by  Doctor 
Rawles  to  permit  of  identifica- 
tion. Later,  when  the  gravid 
female  mite  (fig.  2)  is  dis- 
tended with  eggs  and  young, 
it  is  more  easily  detected;  but  it  is  not  in  this  state  that  it  attacks 
human  beings  and  is  thus  encountered  by  the  practicing  physician. 

THE    MITE    BENEFICIAL    IN    AMERICA. 

So  far  as  the  author  has  been  able  to  determine,  the  first  pub- 
lished record  of  the  occurrence  of  this  mite  in  America  was  by  him- 
self, and  was  included  in  a  paper  printed  in  the  Twelfth  Report 
of  the  State  Entomologist  of  Illinois  (pp.  150-151).''  While  assistant 
to  Dr.  S.  A.  Forbes,  state  entomologist,  he  was  directed  to  investi- 
gate serious  injuries  to  stored  grain  by  the  Angoumois  grain  moth, 

a  For  a  consideration  of  "chiggers,"  see  Circular  No.  77,  Bur.  Ent.,  pp.  1-6. 
ft  Published  in  Trans.  Dept.  Agr.  Illinois,  vol.  20,  1882.  .^.^^^^  GoOqIc 
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Fig.  2.— Gravid  female  of  Pedictdoides  vcntncosus.  Greatly 
enlarged.    (Redrawn  from  Brucker.) 


SUotroga  cereaJeUa  (fig.  3),  in  southern  Illinois,  where  Messrs.  Halliday 
Brothers,  of  Cairo,  growers  and  shippers  of  wheat,  were  at  that  time 
experiencing  considerable  trouble  from  the  ravages  of  this  grain 
moth,  not  only  in  their  grain  elevators  but  also  in  barges  loaded 
with  wheat  to  be  shipped  by  river  to  New  Orieans  and  thence  exported 
by  steamer. 

It  was  during  these  investigations  that  this  mite  was  discovered 
attacking  the  larvae  of  the  grain  moth.  As  the  original  publication 
containing  the  author's  observations  is  becoming  more  and  more 
difficult  to  obtain,  that  portion  relating  to  the  occurrence  of  this 
mite  is  given  herewith  in  full : 

Pediculoides  (Heteroptts)  ventricosuSy  Newport.  About  the  12th  of  October,  1882, 
a  sack  of  wheat  infested  with  larvee  of  the  grain  moth  was  received  from  southern 
Illinois,  which,  for  want  of  time,  was  put  aside  for  future  inspection.    On  the  13th 


Fig.  3.— Angoumois  grain  moth  (Sitotroga  cerealeUa):  o,  Egg  and  egg-mass; 
b,  larva  in  grain  of  wheat;  c,  larva;  d,  pupa;  e,  f,  moth.  Enlarged. 
(a.  c-f,  After  Chittenden;  b,  original.) 

of  November,  while  examining  the  grains  containing  larvae,  I  noticed,  in  a  lot  of 
fifty,  three  in  which  the  worms  were  dead,  and  on  them  were  numbers  of  globular, 
yellow  objects,  which  proved  to  be  a  species  of  mite,  Pediculoides  (Ileteropus)  ventri- 
cosus  Newport.  Knowing  nothing  of  the  predaceous  habits  of  these  mites,  and  the 
limited  literature  at  hand  throwing  little  light  upon  the  matter,  I  did  not  pay  much 
attention  to  the  fact  of  their  occurrence  until  the  12th  of  December,  when  upon 
examining  100  grains  with  respect  to  the  effect  of  heat  on  the  larva,  I  found  14  of  the 
latter  infested  by  these  mites. 

In  the  meantime  I  had  learned  that  this  mite  was  known  to  be  of  predaceous  habit, 
in  both  England  and  France,  having  been  first  discovered  by  Newport,  in  1849,  in 
the  nests  of  Anthophora  retusa,  collected  at  Gravesend,  England,  and  afterwards 
described  by  him  under  its  present  name.  It  had  also  been  found  in  France,  in 
1868,  by  Jules  Lichtenstein,  of  Montpellier,  and  described  by  him  under  the  name  of 
Physogaster  Uirvarum.  This  gentleman  found  it  in  his  breeding  cages,  which  it  so 
completely  overran  that,  as  he  informs  me,  he  could  not  for  six  months  breed  a  single 
specimen  of  Hymenoptera,  of  Buprestidae,  or  Cerambycidce,  or  of  some  Lepidoptera. 
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If  it  has  been  found  by  any  other  persons  than  these,  or  in  any  other  parts  of  the  world, 
previous  to  its  discovery  here  by  me,  I  have  not  been  able  to  find  the  fact  recorded. 

On  December  31  and  January  1,  I  examined  100  infested  grains  of  this  wheat, 
which  had  been  continually  kept  in  the  laboratory  since  it  was  received,  and  found 
32  per  cent  of  the  worms  dead,  infested  by  the  mites. 

While  making  these  examinations  I  frequently  threw  the  grains  containing  infested 
larvae  into  a  shallow  glass  dish,  where  they  remained  on  my  table  until  the  warm 
weather  during  the  latter  part  of  February,  when  the  temperature  of  the  laboratory 
at  night  was  much  higher  than  it  had  been  during  the  previous  cold  weather.  The 
-effect  of  the  change  was  soon  plainly  to  be  seen.  The  contents  of  the  dish  began  to 
;swarm  with  newly  developed  mites,  and  a  larva  dropped  into  their  midst  was  imme- 
diately attacked,  and  after  that  its  life  was  of  short  duration.  Larvae  placed  at  some 
distance  from  the  dish  suffered  a  like  infection. 

•  To  test  the  matter  I  placed  near  the  dish  some  weeds,  in  the  pith  of  which  some 
larvae  were  hibernating,  and  in  two  days  the  mites  had  found  and  destroyed  them. 
These  young  mites  when  first  noticed  are  very  minute,  of  elongate  form,  and  extremely 
active,  nmning  about  in  search  of  larvae;  and  when  one  is  found  they  immediately 
puncture  the  skin  and  suck  the  juices. 

In  a  day  or  two  the  posterior  segments  of  the  abdomen  begin  to  enlarge,  and  this 
process  continues  until  the  inflated,  bladder-like  abdomen  becomes  ten  or  even  twenty 
times  the  size  of  the  cephalothorax. 

During  this  time  they  have  gradually  lost  their  ambulatory  powers,  and  remain 
Btationary  upon  their  victims.  In  the  meantime  changes  equally  wonderful  have  been 
going  on  within  the  abdomen. 

Eggs  are  continually  forming,  and  within  these  the  young  mites  are  as  continually 
developing,  passing  through  their  entire  metamorphosis,  which  indudes  the  acquisition 
of  the  fourth  pair  of  legs  (an  exceptional  character  among  mites),  within  the  abdomen 
of  the  mother,  from  which  they  make  their  way  as  fast  as  they  reach  maturity. 

The  females  are  quite  prolific.  I  have  counted  frequently  from  40  to  50  young 
and  eggs  within  the  abdomen,  and  believe  that  they  produce  even  more.  The  mothers 
survive  the  birth  of  a  large  number,  if  not  a  majority,  of  the  young.  The  male  I  have 
never  found,  and  I  am  inclined  to  believe  with  Mr.  Newport,  that  the  species  is 
parthenogenous.a  The  minute  size  of  these  young  mites  admits  of  their  free  access 
to  the  larvae  of  the  moth,  through  the  very  small  opening  where  this  made  its  entry, 
and  a  single  mite  with  its  progeny  would  be  sufi^cient  to  destroy  it. 

That  this  is  very  often  the  manner  of  attack  is  proved  by  the  fact  that  grains  in 
which  the  larva  is  badly  infested  frequently  have  no  other  break  in  the  hull  by  which 
even  a  young  mite  could  gain  admission.  Like  the  larvae  on  which  they  subsLst,  their 
development  is  retarded  or  increased  by  the  temperature,  they  being  quite  active  at 
a  temperature  of  60^  F.;  but  in  colder  weather  able  to  j^main  within  the  abdomen 
of  the  parent  for  months  in  a  dormant  state,  awaiting  a  rising  temperature. 

While,  as  stated,  this  was  probably  the  first  published  record 
of  the  occurrence  of  this  Pediculoides  in  America,  the  writer  has 
since  had  reason  to  beUeve  that  it  was  present  many  years  prior  to 
this  date;  and,  indeed,  in  the  light  of  information  that  was  obtained 
during  the  past  year,  1909,  it  seems  altogether  probable  that  it  not 
only  occurred  but  proved  noxious  to  man,  in  Massachusetts,  as  early 
as  1830. 

The  particular  reference,  however,  to  which  attention  is  called 
may  be  found  in  the  Prairie  Farmer  for  the  year  1845,  page  216, 

a  I  have  since  observed  the  male,  though  only  occasionally. 
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Much  is  here  made  of  larvse  attacking  the  stems  of  wheat  above  the 
upper  joint,  and  in  connection  therewith  follows  this  significant  sen- 
tence: ''In  one  instance  nine  eggs  were  found  in  a  single  straw,  one 
of  which  had  jxist  hatched."  Also,  in  another  journal,  we  are  told 
that  specimens  of  infested  straw  were  forwarded  to  the  Country 
Gentleman  from  Scipioville,  N.  Y.,  in  1879,  which  the  sender  stated 
contained  eggs,  besides  larvse  and  pupae.  In  both  cases  the  larvaa 
were  almost  beyond  a  doubt  those  of  the  greater  wheat-stem  maggot 
(Meromyza  americana  Fitch).  According  to  my  own  observation,  the 
mites  attack  the  larvae  of  Meromyza  americana  in  stems  of  wheat,  and 
one  can  not  fail  to  be  struck  by  the  clearness  with  which  the  state- 
ments just  given  describe  larvae  of  this  species  in  the  stems  of  grain 
or  grass  being  attacked  by  these  mites,  the  gravid  female  of  which 
has  every  appearance  to  the  unaided  eye  of  being  a  minute  egg.  It 
therefore  seems  not  improbable  that  this  mite  was  abroad  over  the 
country  at  the  earUer  date,  1845,  which  would  antedate  by  several 
years  the  description  of  the  species  in  England  by  Newport,  who 
called  attention  to  the  occurrence  of  this  mite  as  a  parasite  in  the 
nests  of  a  wild  bee  (ArUhophora  retusa  L.)  in  a  paper  read  March 
5,  1850,  before  the  Linnaean  Society  of  London.' 

In  the  account  given  by  Dr.  T.  W.  Hands  in  the  second  edition 
of  his  ''Insects  Injurious  to  Y^etation,"  in  connection  with  his 
discussion  of  the  early  occurrences  of  the  barley  jointworm  {Isoscma 
hordei  Harr.),  there  are  two  very  significant  statements  that  have 
until  lately  puzzled  the  writer  greatly.  On  page  438,  edition  of 
1862,  he  says: 

In  the  summer  of  1831,  myriads  of  these  flies  [meaning  the  adult  Isotoma]  were 
found  alive  in  straw  beds  in  Gloucester,  the  straw  having  been  taken  from  the  fields 
the  year  before.  An  opinion  at  that  time  prevailed  that  the  troublesome  humors 
wherewith  many  persons  were  then  afflicted  were  occasioned  by  the  bites  of  these 
flies;  and  it  is  stated  that  the  straw  beds  of  Lexington,  being  found  to  be  infested 
with  the  same  insects,  were  generally  burnt. 

The  second  reference  occurs  on  page  440  of  the  same  volume,  in 
which  it  is  stated  that  ''about  eight  years  ago  [which  would  be  about 
1844]  some  of  these  insects  [again  referring  to  the  barley  jointworm] 
that  had  come  from  a  straw  bed  in  Cambridge  were  shown  to  me.  They 
had  proven  very  troublesome  to  children  sleeping  on  the  bed,  their 
bites  or  stings  being  followed  by  considerable  inflammation  and  irri- 
.  tation,  which  lasted  several  days.  So  numerous  were  the  insects  that 
it  was  found  necessary  to  empty  the  bedtick  and  bum  the  straw." 

Now,  to  the  writer  it  has  always  been  puzzling  that  the  adults  of 
the  barley  jointworm,  as  they  were  described  by  Doctor  Harris, 
should  have  been  able  to  bite  through  bedticking  and  cause  the 

a  Description  published  in  Trans.  Linn.  Soc.  Lond.,  vol.  21,  p.  95,  1853. 
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eruption  described  and  yet  not  be  able  to  gnaw  through  this  cloth 
and  make  their  escape,  as  every  one  who  has  reared  these  insects  in 
confinement  has  witnessed  their  frantic  efforts  to  escape  as  soon  as 
they  gnaw  their  way  out  of  the  straws.  The  mite  Pedicvloides  ven- 
tricosus  now  furnishes  as  good  an  explanation  of  these  attacks 
referred  to  by  Harris  as  we  can  expect  to  secure,  after  a  lapse  of 
three-quarters  of  a  century,  with  no  possibility  of  obtaining  actual 
proof  in  the  case. 

In  1884  the  writer  found  this  same  mite  attacking  and  destroying 
the  wheat  strawworm  (Isosoma  grande  Riley)  at  Oxford,  Ind.,  and 
in  speaking  of  the  occurrence  of  this  larva  and  its  parasites,  he  made 
this  statement: 

Curioufily  enough,  during  the  time  it  occupies  the  stubble  in  the  larval  and  pupal 
stages,  it  sometimes  falls  a  victim  to  the  mite  Pediculoides  (Heteropus)  ventricosuSf 
which  enters  the  stubble  from  above  after  the  grain  is  cut,  but  whose  sense  of  discrimi- 
nation is  rather  poorly  developed,  and  it  is  finally  victorious  over  the  l909oma  larvee, 
its  parasites,  and  the  predaceous  larvae  of  Leptotrachelus  dorsalis. 

The  same  year,  and  in  the  same  locality,  this  mite  was  again 
encountered  by  the  writer,  attacking  the  greater  wheat-stem  maggot 
in  wheat  straw,  and  the  remarkable  resemblance  of  the  gravid  fe- 
males to  minute  eggs  was  again  noted.  Since  that  time  this  Pedic- 
uloides has  been  reported  by  Mr.  E.  M.  Ehrhom  attacking  the  larva 
of  the  peach  twig  borer,  Anarsia  lineateUa  Zell.,  in  California.* 
The  same  year  Mr.  Marlatt  reported  it  as  attacking  the  eggs  of  the 
periodical  cicada,  Tibicen  septendedm  h.^  The  same  year  Dr.  F.  H. 
Chittenden*'  stated  that  this  mite  attacked  the  larvae  of  two  species 
of  bean  weevil  {Bmchus  qucdHmacvlatus  Fab.  and  B,  chinensis  L.) 
and  destroyed  them,  often  in  great  numbers.  Still  later,  in  1904, 
Messrs.  W.  D.  Hunter  and  W.  E.  Hinds,  in  Bulletin  No.  45,  Division 
of  Entomology,  page  107,  called  attention  to  its  attack  on  the  larvse 
of  the  cotton  boll  weevil.  In  1908  Mr.  W.  Dwight  Pierce*^  stated 
that  this  mite  is  a  common  weevil  parasite  in  Mexico.  In  the 
same  publication,  page  42,  he  credited  it  with  being  parasitic,  not 
only  on  the  cotton  boll  weevil,  Anthonomus  grandis,  but  also  on  an 
allied  species,  the  pepper  weevil  (A.  eugenii  Cano).  Dr.  A.  D.  Hop- 
kins informs  the  writer  that  in  his  studies  of  forest  insects  he  has 
encountered  it  attacking  the  larvae  of  wood-boring  beetles,  and  at 
one  time,  in  West  Virginia,  it  caused  considerable  mortaUty  in  his 
rearing  cages,  where  he  was  attempting  to  rear  wood-boring  longi- 
com  beetles  (Cerambycidse)  and  barkbeetles  (Scolytidse),  precisely 
as  experienced  by  M.  Jules  Lichtenstein  in  France. 

o  Bui.  10,  Div.  Ent.,  U.  S.  Dept.  Agr.,  p.  17,  1898. 

6  Bui.  14,  n.  8.,  Div.  Ent.,  U.  S.  Dept.  Agr.,  p.  104,  1898. 

c  U.  S.  Dept.  Agr.,  Yearbook  for  1898,  p.  247. 

d  Bui.  73,  Bur.  Ent.,  U.  S.  Dept.  Agr.,  p.  30. 
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In  the  publication  of  Messrs.  Hunter  and  Hinds  previously  re- 
ferred to,  some  information  is  given  relative  to  an  attempt  to  use 
this  mite  artificially  in  overcoming  the  boll  weevil.  It  has  been  ex- 
perimented with  quite  extensively  by  Prof.  A.  L.  Herrera  and  his 
assistants  of  the  Mexican  Commission  of  Parasitology,  and  upon  his 
return  from  a  trip  to  Mexico  in  the  fall  of  1902  Mr.  Hunter  brought 
with  him,  through  the  kindness  of  Professor  Herrera,  a  supply  of  the 
parasites,  from  which  others  were  reared  for  experimental  work  in 
Texas.  This  experiment,  however,  owing  to  conditions  beyond  the 
control  of  man,  appears,  fortunately  perhaps,  not  to  have  resulted 
satisfactorily..  One  of  the  principal  obstacles  in  this  case  seems  to 
have  been  that,  where  the  mites  succeeded  in  establishing  themselves, 
they  were  subsequently  destroyed  by  the  attacks  of  small  ants. 

These  references  show  quite  clearly  the  wide  distribution  of  this 
mite  throughout  the  United  States  and  its  great  variety  of  host 
insects.  We  have,  in  later  years,  come  to  consider  it  a  very  useful 
parasite  and  one  that  is  likely  to  attack  almost  any  soft-bodied 
larva  to  which  it  can  gain  access  and  be  secure  from  other  preda- 
ceous  insects  and  adverse  meteorological  conditions. 

THE  MITE  PROVES  NOXIOUS  TO  MAN. 

As  indicated  in  the  earUer  portion  of  this  paper,  either  this  or 
some  other  closely  allied  species  has  long  been  known  to  occasionally 
attack  man  and  animals  in  Europe,  when  these  are  engaged  in 
handling  or  come  into  contact  with  grain  or  straw  infested  by  their 
host  insects.  The  first  instance  of  this  character  to  be  noted  in 
America,  however,  has  been  communicated  to  the  writer  by  Dr. 
Henry  Skinner,  of  Philadelpliia,  Pa.  It  was  about  the  year  1896, 
while  Doctor  Skinner  was  practicing  medicine  in  Philadelphia,  that 
the  owner  of  a  boarding  house  in  one  of  the  New  Jersey  suburbs  of 
the  city  came  to  him  in  great  distress,  stating  that  the  tenant  and 
keeper  of  the  boarding  house,  which  accommodated  about  seventy- 
five  persons,  would  not  pay  the  rent  thereon,  and  further  stated  that 
the  tenant  had  been  threatened  with  legal  proceedings  by  the  board- 
ers, who  had  even  suggested  bodily  injury.  The  occasion  of  all  this 
trouble  was  an  epidemic  of  a  rashhke  disease,  the  causes  of  which 
were  suspected  to  reside  in  the  mattre-sses  of  the  beds  occupied  by  the 
patrons  of  the  house,  because  the  occupants  had  been  attacked  by 
a  very  mysterious  and  aggravating  skin  eruption.  The  owner  sub- 
mitted straw  dust  and  mattress  d6bris  taken  from  the  suspected 
beds,  and  on  examination  of  this  Doctor  Skinner  found  specimens  of 
this  mite.  The  house  was  promptly  deserted  by  the  boarders,  none 
of  whom,  as  it  seems,  escaped  infection,  and  none  of  whom  was 
28455— Cir.  118—10 2 
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willing  to  return.    The  matter  does  not  appear  to  have  been  further 

investigated. 

In  1901  Jay  F.  Schamberg,  M.  D.,  of  Philadelphia,"  published  a  short 

paper  calling  attention  to  and  describing  "An  Epidemic  of  a  PecuUar 

and  Unfamiliar  Disease  of  the  Skin."  In  this  paper  Doctor  Scham- 
berg, who,  besides  be- 
ing a  practicing  physi- 
cian, is  professor  of 
dermatology  and  infec- 
tious eruptive  diseases 
in  the  Philadelphia 
Polyclinic,  described  a 
number  of  cases  that 
had  been  treated  by 
him  a  few  weeks  prior 
to  the  publication  of 
his  paper.  The  erup- 
tion and  its  effect  on 
the  patient  were  briefly 
described  and  illus- 
trated, but  the  causes 
instrumental  in  bring- 
ing about  these  attacks 
were  still  unknown  to 
him;  and,  as  several 
members  of  the  same 
household  were  com- 
monly affected,  the  dis- 
ease was  considered 
Ukely  to  prove  conta- 
gious. The  dermati- 
tis, however,  was  not 
lost  sight  of,  and  in  a 
paper  contributed  to 
the  Public  Health  Re- 
ports Dr.  Joseph  Gold- 

FiO.  ^.-Lesions  caused  by  bites  of  the  mite  PedkuMde»  ventrieotut.  V^j^f^j.  nua^A  skssnaiAn  t 

In  this  case  the  eraptlons  are  excessively  large,  bUster-Uke,  and  oerger,passeaassiS^l> 

sparsely  placed  over  the  body  Including  the  neck,  white  there  are  SUrgCOU  of  the  United 

none  upon  the  anns.  g^^^    p^^^jj^    jj^^^ 

and  Marine-Hospital  Service,  in  cooperation  with  Doctor  Schamberg,^ 
published  the  first  exact  information  we  have  relative  to  the  cause 
of  these  epidemics.     This  paper,  so  far  as  known  to  the  writer,  is  the 


aPhila.  Medical  Journal  for  July  6,  1901. 

&  Public  Health  ReportB,  vol.  24,  No.  28,  July  9,  1909. 
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first  publication  in  this  country  in  which  the  attack  of  this  mite  has 
been  followed  up  and  its  dermatological  effect  on  human  beings  care- 
fully studied  and  described.  This  paper  of  Doctors  Goldberger  and 
Schamberg  may  be  briefly  summarized  as  follows:  i 

In  the  spring  and  summer  of  1909  this  peculiar  eruptive  disease  be- 
came quite  prevalent  in  Philadelphia  and  neighboring  towns.  An  out- 
break among  20  sailors  upon  a  private  yacht  docked  in  the  Delaware 
River  attracted  the  attention  of  both  the  city  and  the  federal  health 
authorities.  The  Sur- 
geon-General of  the 
United  States  Public 
Health  and  Marine- 
Hospital  Service  dele- 
gated Dr.  Joseph 
Goldberger,  passed  as- 
sistant surgeon,  to  pro- 
ceed to  Philadelphia 
for  the  purpose  of 
making  an  investiga- 
tion of  the  disease. 

After  examining  the 
20  sailors,  who  had 
been  sent  to  a  hos- 
pital, Doctors  Gold- 
berger and  Schamberg 
visited  the  yacht 
whence  they  came  and 
made  a  searching  ex- 
amination of  the  con- 
ditions  on  board. 
Their  attention  was 
directed  to  the  fact 
that  a  number  of  new 
straw  mattresses  had 
been  received  and  that 
the  disease  was  con- 
fined to  those  who  had  slept  upon  these  mattresses  or  had  placed  their 
clothes  upon  them.  Eleven  officers  and  members  of  the  crew  who  did 
not  sleep  upon  the  new  mattresses  remained  entirely  free  of  the  disease. 

At  about  the  same  period  information  was  received  concerning  an 
eruptive  disease  prevailing  among  the  sailors  of  four  other  boats, 
plying  along  the  Delaware  River.  Investigation  disclosed  the  fact 
that  these  boats  had  also  received  new  straw  mattresses,  and,  further- 
more, that  only  those  were  attacked  who  slept  upon  the  mattresses 
or  otherwise  came  in  contact  with  them.  ^  ^ 
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Fio.  6.— Lesions  caused  by  bites  of  the  mite  PedkuUMet  ventriconu. 
In  this  case  the  eruptions  are  almost  the  reverse  of  those  shown  In 
figured.  They  are  much  smaller,  more  densely  placed,  and  confined 
mote  to  the  lower  portion  of  the  back,  there  still  being  very  few  on 
either  neck  or  arms. 
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In  addition  to  these  cases  among  sailors,  Doctors  Goldberger  and 
Schamberg  examined  or  received  authentic  information  concerning 
seventy  other  cases  of  this  disease  occurring  in  twenty  different 
households  in  Philadelphia  and  its  vicinity. 

In  practically  every  instance  they  were  enabled  to  determine  that 
the  patient  had  either  recently  slept  upon  a  new  straw  mattress  or 
had  freely  handled  the  same.  Where  only  one  person  in  a  household 
was  affected,  it  was  found  that  he  was  the  only  one  to  occupy  a  bed 
supplied  with  a  new  straw  mattress.     They  were  able  to  trace  all  of 

the  incriminated  mat- 
tresses to  four  leading 
mattress  manufactur- 
ers. Figures  4,  5,  6, 
and  7,  from  photo- 
graphs by  Doctor 
Schamberg,  show  the 
condition  of  some  of 
the  victims  and  illus- 
trate different  forms 
of  the  eruption. 

Careful  investiga- 
tion warranted  them 
in  excluding  from  con- 
sideration the  ticking 
of  the  mattresses  and 
the  jute  or  cotton  top- 
ping contained  there- 
in. The  cause  of  the 
disease  was,  therefore, 
circumscribed  to  the 
straw.  Repeated  in- 
quiries eUcited  the  in- 
formation that  all  of 
the  manufacturers 
had  received,  at  the 
time  the  disease-pro- 
straw  from  a  dealer  in 
One  manufacturer  had 


Fio.  6.— Lesions  caused  by  bites  of  the  mite  Pediculoidcs  vcnlricosu*. 
In  this  figure  the  eruptions  are  still  more  minute,  covering  the 
entire  body,  including  the  arms  and  neck,  the  hair  having  t>een 
removed  firom  the  neck  to  show  their  diflusiou  even  on  the  base  of 
the  head.    The  lesions  are  also  less  swollen  than  shown  in  figure  5. 


ducing  mattresses   were  made  up,  wheat 

Salem  County,   in  southern  New  Jersey. 

used  straw  from  tliis  source  exclusively  in  the  affected  mattresses, 

while  in  another  case  the  straw  had  come  from  southern  Indiana. 

Finding  of  a  parasite. — Doctors  Goldberger  and  Schamberg  sifted 
the  straw  from  a  mattress  through  the  meshes  of  a  fine  flour  sieve 
upon  a  large  piece  of  plate  glass  covered  with  white  paper.  Close 
scrutiny  of  the  siftings  under  strong  electric  illumination  soon  de- 
tected some  slight  motion.     The  moving  particles  were  touched  with 
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a  needle  moistened  in  glycerine  and  transferred  to  a  glass  slide. 
Search  with  the  microscope  disclosed  the  presence  of  a  mite  of  very 
minute  dimensions.  The  mite  was  identified  for  them  by  Mr.  Nathan 
Banks,  expert  in  Acarina  of  the  Bureau  of  Entomology,  United  States 
Department  of  Agriculture,  as  very  close  to,  if  not  identical  with, 
the  Pedicvloides  ventricosus. 

In  order  to  demonstrate  experimentally  the  etiological  relation- 
ship of  the  suspected  straw  mattresses,  Doctor  Goldberger  exposed 
his  bared  left  arm  and  shoulder  for  one  hour  between  two  mattresses. 
At  the  end  of  about 
sixteen  hours,  a  num- 
ber of  characteristic 
lesions  appeared  upon 
the  arm,shoulder,  and 
chest.  Later,  three 
volunteers  slept  upon 
the  mattresses  and 
each  one  developed 
the  eruption  at  the 
end  of  about  the  same 
period. 

Doctor  Goldberger 
later  took  some  of  the 
sifted  straw,  divided 
it  into  two  portions, 
and  placed  it  in  two 
clean  Petri  glass 
dishes.  One  of  these 
was  applied  for  one 
hour  to  the  left  axilla 
of  a  volunteer.  At  the 
end  of  from  sixteen  to 
seventeen  hours  the 
characteristic  erup- 
tion was  present  in 
the  area  of  the  left 
axilla  to  which  the  Petri  dish  of  straw  siftings  had  been  applied. 

The  second  portion  of  the  straw  siftings  in  a  Petri  dish  was  exposed 
to  the  vapor  of  chloroform  under  a  bell  jar  with  a  view  to  killing  any 
insect  or  acarine  that  might  be  present.  These  siftings  were  then 
appUed  to  the  right  axilla  of  the  same  volunteer  to  whose  left  axilla 
the  untreated  siftings  had  been  applied.  The  chloroform  evidently 
destroyed  in  the  siftings  the  agent  that  was  producing  the  eruption, 
for  no  lesions  appeared  after  the  appUcation  of  the  chloroformized 
siftings. 

f^*^'^^®^  Digitized  by  Google 


Fio.  7.— Lesions  caused  by  bites  of  the  mite  Pedicuioidet  pentricotua. 
In  this  case  the  effect  is  entirely  different  from  that  shown  In  any  of 
the  other  figures,  the  lesions  not  only  covering  the  body,  including 
the  arms,  but  extending  over  the  face  and  forehead;  they  are  more 
sparsely  placed  but  accompanied  by  very  large,  irregular,  Inflamed 
patches.  This  figure  illustrates  the  liability  of  this  dermatitis  being 
mistaken  for  other  dangerous,  contagious  diseases,  like  smallpox  and 
spotted  fever. 
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Doctor  Goldberger,  further,  removed  from  some  straw  siftings  five 
minute  mites,  and,  placing  them  in  a  clean  watch  crystal,  applied  the 
crystal  to  the  axilla  of  another  volunteer.  At  the  end  of  about  sixteen 
hours  following  this  application  five  of  the  characteristic  lesions  ap- 
peared on  the  area  to  which  the  mites  had  been  applied.  (See  fig. 
8,  from  drawing  by  L.  H.  Wilder.) 

INFLUENCES    CONTROLLING    THE    EXCESSIVE    ABUNDANCE   OP 
•    PEDICULOIDES. 

It  will  be  noticed  that  Doctors  Goldberger  and  Schamberg  made  no 
attempt  to  discover  the  underlying  causes  for  the  enormous  numbers 
of  these  mites  inhabiting  the  mattresses  involved  in  their  investiga- 
tions, that  problem 
coming  properly 
within  the  realm  of 
entomology.  When 
the  writer  took  up 
this  subject  with  the 
view  of  finding  out 
the  causes  for  such  an 
abundance  of  these 
mites,  Doctors  Gold- 
berger and  Schamberg 
very  kindly  placed  at 
his  disposal  every- 
thing in  their  posses- 
sion relating  to  this 
epidemic,  including 
the  mattress  which 
Doctor  Goldberger 
had  himself  used  in 
experiments  with  this 
mite,  carried  out  by 
him  at  the  Hygienic  Laboratory  in  Washington.  Doctor  Schamberg 
was  equally  kind  in  placing  at  his  service  all  of  the  material,  notes, 
and  photographs  in  his  possession. 

Almost  at  the  commencement  of  the  investigatioii.  Dr.  William 
Koyal  Stokes,  of  the  Maryland  state  board  of  health,  informed  the 
writer  that  a  similar  but  less  extensive  epidemic  had  shortly  before 
been  noted  in  Baltimore.     This  he  kindly  described  as  follows: 

The  matter  was  brought  to  my  attention  by  several  persons,  who  came  to  the  head 
of  the  department  and  complained  of  the  skin  eruption  described.  They  stated 
that  a  number  of  people  in  a  suburban  hotel  were  similarly  affected,  but  I  do  not 
remember  the  number  at  this  late  date.  These  persons  volunteered  the  informfttion 
that  they  had  all  been  sleeping  on  some  new  straw  mattresses,  and  that  all  of  the 
persons  similarly  affected  had  used  these  mattresses.  ^^ 
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I  saw  Doctor  Gilchrist,  the  clinical  professor  of  dermatology  at  Johns  Hopkins 
University,  yesterday,  and  he  gave  me  the  following  description  of  the  one  case 
which  he  saw  at  the  health  department.  I  saw  two  other  cases  which  corresponded 
with  these  in  a  general  way. 

"The  eruption  consisted  of  about  1,000  wheals,  or  erythemato-withicarial  spots,  or 
papulo-withicarial  lesions.  As  in  the  description  in  the  reprint  of  Doctors  Goldberger 
and  Schamberg,  of  the  United  States  Public  Health  and  Marine-Hospital  Service, 
they  varied  in  size  from  a  lentil  seed  to  a  finger  nail,  and  are  round,  oval,  orirr^:ular 
in  shape.  No  vesicles  or  pustules  were  seen.  The  eruption  was'on  the  neck,  chest, 
abdomen,  and  back,  and  also  on  arms  and  legs.  Itching  was  present,  and  all  lesions 
showed  evidences  of  scratching.'* 

Besides  this,  there  were  several  cases  reported  to  the  writer  from 
northern  Maryland,  where  farmers  in  running  their  wheat  through  a 
fanning  mill  had  been  simultaneously  troubled  by  a  very  similar  or 
identical  eruptive  disease  of  the  skin.  In  another  instance,  a  thrasher- 
man  engaged  in  feeding  the  unthrashed  grain  into  the  cylinder  of 


FlQ.9.~AdultofJoiDtworm(/«<Monuitrt/id).   Much  enlarged.  (From  Howard.) 

the  thrashing  machine  was  also  affected  by  a  disease  of  the  skin,  en- 
tirely unfamiliar  to  the  attending  physician,  who  could  not  classify 
it  with  any  urticaroid  dermatitis  known  to  him.  After  the  WTiter's 
experience  of  previous  years,  it  seemed  impossible  that  this  Pedicu- 
loides  should  become  sufficiently  abundant  to  cause  this  dermatitis 
without  there  being  an  excessive  abundance  of  some  host  insect  or 
insects  affecting  either  the  straw  or  the  grain  itself.  Naturally,  the 
studies  made  by  him  in  1882  led  him  to  suspect  that  the  Angoumois 
grain  moth  (Sitotroga  cerealeUa)  might  be  responsible  for  the  abund- 
ance of  the  mites.  Then,  too,  the  fact  that  it  attacked  the  wheat- 
straw  worm  (Isosoma  grande  Kiley)  in  wheat  straw  led  him  to  suspect 
that,  as  this  particular  species  is  not  known  to  occur  in  the  vicinity 
of  Philadelphia,  while  its  near  relative,  the  joint  worm  (Isosoma 
tridci  Fitch)  (fig.  9),  does  occur  more  or  less  abundantly  over  the 
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eastern  part  of  the  country,  this  latter  species,  too,  might  perhaps  be 
involved. 

With  a  view  to  finding  out  something  of  the  abundance  of  the  grain 
moth  in  New  Jersey,  from  which  St«te  was  obtained  most  but  not 
all  of  the  straw  entering  into  the  mattresses  mentioned  by  Doctors 
Goldberger  and  Schamberg,  the  writer  applied  to  Dr.  John  B.  Smith, 
state  entomologist,  for  information.  In  reply  Doctor  Smith  was 
kind  enough  to  send  the  writer  an  advance  copy  of  the  report  of  his 
department  of  the  New  Jersey  Agricultural  Experiment  Station  for 
the  year  1908,  and  from  this  publication  it  was  learned  that  during 
the  summer  of  that  year,  owing  to  favorable  weather  conditions,  this 
moth  developed  rapidly  in  the  field  and  there  was  great  damage  to 
wheat  among  those  farmers  who  delayed  thrashing  until  September 
or  later.  Furthermore,  a  very  large  percentage  of  the  wheat  crop 
gathered  that  year  became  useless  for  milling  purposes,  and  so  general 
was  the  infestation  that  grain  from  some  localities  was  entirely 
barred  at  mills  except  when  ground  for  the  owner.  Some  further 
investigations  carried  on  in  eastern  Pennsylvania  revealed  a  veiy 
similar  condition  of  affairs.  It  was  the  straw  of  1908,  coming  mostly 
from  New  Jersey,  but  a  small  part  of  it  from  Indiana,  that  entered 
into  the  mattresses,  from  the  use  of  which  came  the  epidemic  in  and 
about  Philadelphia. 

In  order  to  settle  these  points,  Mr.  V.  L.  Wildermuth,  of  the  Bureau 
of  Entomology,  was  instructed  to  examine  the  straw  in  the  mattress 
placed  at  the  writer's  disposal  by  Doctor  Goldberger.  After  a  day 
and  a  half  of  careful  search,  only  five  straws  affected  by  the  joint- 
worm  were  found.  This  seemed  to  entirely  eliminate  this  species 
from  consideration  in  connection  with  this  particular  epidemic. 
There  were,  however,  many  wheat  heads  remaining  attached  to  the 
straw,  and  these  heads  contained  a  great  many  kernels,  the  contents 
of  which  had  been  eaten  out  by  the  larvas  of  the  grain  moth.  More- 
over, these  eaten  kernels  contained  great  numbers  of  the  dead  bodies 
of  Pediculoides.  That  the  Angoumois  grain  moth  was  the  cause  of 
this  damage  to  the  wheat  was  still  further  proved  by  the  emergence 
of  an  adult  moth  from  these  eaten  kernels  on  November  15.  The 
larvae  of  this  moth  infested  the  kernels  of  wheat  before  the  latter  were 
thrashed.  Many  of  these  infested  kernels  remaining  in  the  straw 
were  included  in  the  material  going  into  the  manufacture  of  these 
mattresses.  The  greater  portion  of  the  living  larvae  of  the  moth 
would  develop  to  adults  during  May  or  early  June,  thus  cutting  off 
the  food  supply  of  these  mites.  The  mites  would  therefore  very 
naturally  swarm  among  the  straw  and,  making  their  way  through 
the  cloth  covering  of  these  mattresses,  attack  anything  that  gave 
promise  of  furnishing  food  and  preserving  them  from  starvation.  It 
seems  that  starvation  is  the  final  outcome,  however,  for,  as  already 
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stated,  no  trouble  is  experienced  in  using  the  mattresses  after  a  cer- 
tain period,  which  period  probabl}'  indicates  the  termination  of  the 
life  of  the  mites  infesting  the  straw.  It  therefore  did  not  seem  nec- 
essary to  seek  further  for  the  primarj^  cause  of  this  eastern  epidemic 
of  dermatitis,  the  center  of  which  seems  to  have  been  in  and  about 
Philadelphia. 

A    WESTERN    EPIDEMIC   OF  THE    DERMATITIS. 

While  the  problem  of  the  epidemic  in  the  East  was  apparently 
solved,  some  of  the  wheat  straw  involved  therein  had  come  from 
Indiana,  and  during  the  last  few  years  an  outbreak  of  the  jointworm 
(figs.  10  and  11)  had  been  gathering  force  throughout  Ohio,  Indiana, 
and  southern  Illinois, 
until  during  the  sum- 
mer of  1908  very  seri- 
ous damages  occur- 
red.  Investigation 
of  the  insect  during 
previous  years  had 
shown  that  the  out- 
break really  began 
in  the  more  elevated 
portions  of  Virginia, 
in  the  upper  Shenan- 
doah Valley,  in  West 
Virginia,  and  in  east- 
em  Ohio,  as  eariy  as 
1904,  afterwards  ad- 
vancing broadly  to 
the  westward. 

During  the  sum- 
mer of  1908  there 
came  to  the  Bureau  of  Entomolog}^  from  this  section  of  the 
country  a  great  number  of  complaints  of  serious  skin  trouble 
among  people  engaged  in  thrashing  grain  that  had  been  stored 
for  some  time  in  bams,  and  in  some  localities  it  had  become 
difficult  to  secure  help  to  thrash  under  such  conditions.  Also  the 
same  disorder  was  encountered  by  those  who  used  this  straw  for 
the  purpose  of  filling  bedticks,  or  as  a  substitute  for  felting  under 
carpets,  and  in  one  case  berrj'  pickers  had  been  attacked  when  such 
straw  had  been  used  as  a  mulch  for  berr}'  plants.  This  straw  came 
from  a  field  that  had  been  seriously  damaged  from  jointworm  attack 
in  1908.  In  one  instance  a  carload  of  wheat  straw  was  shipped  to 
Pittsburg,  Pa.,  and  six  men  engaged  in  unloading  it  were  attacked 
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by  some  skin  eruption,  and  the  horses  used  in  hauling  this  straw  after 
it  was  unloaded  also  suffered  from  what  was  seemingly  the  same 
disorder.  Perhaps  the  following  from  a  correspondent  of  the  Bureau 
of  Entomology,  residing  in  southern  Ohio,  will  give  a  fair  idea  of  the 
situation  on  many  farms  in  that  section  of  the  country: 

About  four  years  ago  a  parasite  was  found  when  thrashing  wheat  out  of  bams.     It 
seemed  to  affect  the  victims  almost  as  soon  as  they  got  into  the  mow.   The  men  began  to 

scratch  themselves,  generally  on  the 
neck  and  on  the  arms  (inside)  opposite 
the  elbow,  and  on  the  body,  back  and 
front.  The  parasites  raised  welts  such 
as  you  describe  and  spread  as  you  in- 
dicate. They  have  spread  to  such  an 
extent  that  farm  hands  dread  them 
and  will  not  change  work  with  neigh- 
bors unless  they  thrash  in  the  field. 
Here  of  late  they  are  found  in  wheat 
straw  in  the  bams,  especially  if  baled. 
Last  week  a  farmer  brought  me  baled 
wheat  straw  that  seemed  to  be  alive 
with  them.  They  attacked  every  one 
that  wont  into  the  bam,  and  one  of  my 
horses  that  was  perspiring  from  effects 
of  a  drive  was  simply  covered  with 
little  knots  or  swollen  places  and  bit 
and  mbbed  himself  continually.  I 
had  to  have  the  straw  hauled  out  and 
burned  and  the  bam  disinfected .  The 
farmer  stated  that  they  were  so  thick  in 
the  shed  that  contained  the  straw  that 
he  had  to  keep  all  stock  out  of  the  shed . 

Many  other  similar  letters 
from  towns  in  Ohio  were  re- 
ceived by  Doctor  Schamberg, 
particularly  from  Zanesville, 
Colmnbus,  Vincent,  Springfield, 
etc.,  where  the  affection  is 
popularly  believed  to  be  due  to 
*'chiggers."  A  physician  from 
the  last-named  town  stated  that 
in  the  fall  of  1908  during  harvest  and  thrashing  time  he  saw  in  Wash- 
ington County  some  87  cases  of  the  disease  in  question.  It  affected 
the  harvesters  and  thrashers.  This  spring  he  observed  38  cases  from 
contact  with  straw  ticks  refilled  with  straw  of  last  fall's  crop.  The 
disease  is  said  to  have  been  more  prevalent  last  year  (1908)  than  ever 
before.  Information  has  come  from  Colimibus,  Ohio,  that  potters 
who  used  straw  for  packing  crockery  ware  have  been  so  badly  attacked 
at  times  that  the  entire  force  of  packers  has  been  off  duty.    Many 
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times  a  whole  carload  of  straw  has  been  so  affected  that  the  use  of 
it  has  been  abandoned.  In  Springfield^  Ohio,  it  is  said  that  the  dis- 
ease was  so  bad  a  year  or  two  ago  in  the  lowlands  west  of  the  city  as 
seriously  to  hamper  the  progress  of  the  construction  of  a  large  sewer; 
this,  however,  might  have  been  due  to  attack  by  other  mites.  In 
Zanesville,  Ohio,  the  potters  have  been  obliged  to  abandon  the  use 
of  straw  and  employ  '* prairie  hay"  for  packing  piuposes. 

Doctor  Schamberg  was  also  informed  by  a  physician  of  Pittsburg 
that  a  young  woman  patient  had  suffered  from  an  affection  closely 
resembling  if  not  identical  with  the  one  under  consideration  each 
time  that  she  had  assisted  in  emptying  cases  of  dishes  packed  in 
straw.  Both  the  physician  and  the  patient  had  come  to  believe  that 
something  in  the  straw  was  the  cause  of  the  eruption. 

Indeed,  so  nearly  did  the  territory  from  which  these  complaints 
came  to  us  coincide  with  that  affected  by  the  jointworm  that  it 
created  the  suspicion,  not  only  among  those  engaged  in  the  investiga- 
tions, but  even  among  farmers  themselves,  that  there  must  be  some 
connection  between  the  two  phenomena.  Very  many  of  these  cases 
were  brought  to  the  notice  of  practicing  physicians,  but  the  latter 
were  at  a  loss  to  account  for  the  prevalence  of  this  dermatitis,  many 
of  them  supposing  it  to  be  some  species  of  rash  that  was  more  or  less 
contagious,  the  exact  nature  of  which  they  did  not  know.  The  lia- 
bility of  confusion  with  other  vastly  more  serious  contagious  diseases, 
notably  smallpox,  was  of  course  very  gireat. 

Among  these  physicians  was  Dr.  Lyman  T.  Rawles,  of  Hunter- 
town,  Ind.,  who,  in  May,  1909,  undertook  a  careful  study  of  a  number 
of  cases  of  this  dermatitis  that  had  come  under  his  personal  observa- 
tion, as  well  as  those  of  some  of  his  associates.  Doctor  Rawles's  inves- 
tigations were  very  carefully  made,  and  the  results  are  exceedingly 
valuable  for  the  reason  that,  in  the  case  of  this  western  epidemic,  he 
was  able  to  trace  the  cause  of  the  skin  eruption  to  the  mite  {Pedicur 
hides  ventricosus)  and  follow  this  back  to  the  host  insect,  the  wheat 
jointworm  (Isosoma  tritid).^  It  clears  up  the  obscurity  surroimding 
the  cause  of  this  epidemic  in  the  Middle  West,  a  section  throughout 
which  the  Angoumois  grain  moth  never  occurs  in  excessive  abundance 
excepting  in  grain  that  is  kept  in  store,  end  then  only  in  the  more 
southern  portion  of  Indiana  and  IlUnois. 

In  May,  1909,  Doctor  Rawles  found  in  his  practice  that  a  very 
strikingly  strange  skin  disease  presented  itself  in  his  own  and  the 

a  Owing  to  an  unfortunate  misunderstanding,  for  which  no  one  connected  with  these 
investigations  is  responsible,  Doctor  Rawles  did  not  receive  a  proper  determination 
of  the  mite  involved  in  his  studies  of  the  dermatitis.  The  entomological  nomencla- 
ture in  his  paper,  printed  in  the  Journal  of  the  Indiana  State  Medical  Association, 
August,  1909,  should  therefore  be  corrected  by  substituting  *Pe<Hcuhide$  ventricoiUB 
for  DUropinohu  awreoviridis  wherever  the  latter  name  occutb.— F.  M.  W. 
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surrounding  country  in  epidemic  form.  Through  the  press  notes  it 
seemed  to  be  quite  general  over  the  northern  part  of  the  United 
States,  limiting  itself  to  the  wheat-growing  sections. 

The  people  generally  affected  were  farmers  and  those  living  in 
small  villages  or  towns  where  straw  is  used  in  beds,  under  carpets,  and 
around  stables  to  bed  stock.  Horses  and  cattle  have  been  seen  with 
a  skin  disease  almost  identical  with  that  seen  in  man.  The  following 
incident  led  him  to  an  investigation  as  to  the  probable  etiology: 

A  family  had  cleaned  house,  refilled  the  straw  ticks  of  their  beds, 
and  placed  fresh  straw  under  the  carpets,  and  in  about  one  week  the 
family  had  developed  this  peculiar  skin  disease.  In  the  beds  was 
found  a  small  black  fly  (Isosoma  tritici  Fitch)  about  the  size  of  an 
ordinary  gnat,  which  at  first  it  appeared  to  be,  but  closer  observation 
revealed  that  it  was  not  of  the  gnat  family.  Upon  examination  of  the 
straw  it  was  found  that  a  large  number  of  the  straws  were  perforated; 
these  perforations  were  through  the  wall  in  the  region  of  the  joint, 
generally  about  2  inches  from  the  joint.  The  perforations  were  about 
the  size  of  a  small  pinhole  and  ranging  in  number  from  ten  to  thirty  in 
a  straw.  Upon  examining  a  section  of  this  straw  the  small  black  fly 
was  found  under  many  of  the  openings  through  the  walls. 

Several  flies  were  examined  to  ascertain  if  they  possessed  a  piercing 
proboscis,  and  while  observing  one  which  had  just  been  taken  from 
under  the  sheath  of  the  straw,  through  which  there  was  no  perforation 
over  the  fly,  a  small  mite  was  observed  crawling  over  the  dead  body 
of  the  fly. 

Placing  the  bodies  of  several  of  these  flies  under  the  microscope  and 
using  a  one-fourth-inch  objective  and  a  No.  5  eyepiece,  it  was  found 
that  on  nearly  all  flies  over  which  the  wall  was  intact  a  small  mite 
could  be  detected,  these  varying  in  number  from  two  to  four  mites  to 
each  fly.  Upon  furthering  the  observations  it  was  found  that  the 
dermatitis  lasted  after  the  flies  had  been  observed  and  exterminated. 

The  following  experiments  were  tried  to  prove  whether  it  was  the 
fly  or  the  mite  that  was  the  etiologic  factor  in  producing  the  dermatitis. 

Six  live  flies  were  taken,  upon  which  no  mites  could  be  found; 
these  were  placed  under  a  watch  glass  and  bound  upon  the  right  arm, 
leaving  them  in  contact  with  the  skin  for  three  hours.  Upon  the  left 
arm  four  dead  flies,  on  which  living  mites  had  been  observed,  were 
placed  under  a  watch  glass  and  left  in  contact  with  the  skin  for  three 
hours,  after  which  the  glasses  were  removed  and  results  awaited. 
The  right  arm  showed  nothing.  Upon  the  left  arm  there  appeared 
within  twelve  hours  four  small  wheals,  the  character  and  evolution  of 
which  are  later  described. 

To  further  the  experiments  some  fresh  lesions  of  patients  were 
scraped  and  the  scrapings  examined  microscopically,  and  two  of  the 
mites  were  found  in  the  scrapings.  r^^^^T^ 
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Itching.  18  the  most  prevalent  and  first  symptom  to  attract  the 
attention  of  the  patient.  It  is  most  persistent  and  intense  during 
the  after  part  of  the  night.  At  about  the  time  the  itching  was  most 
intense  there  appeared  an  urticarial  eruption,  accompanied,  in  severe 
cases,  with  general  systemic  symptoms,  such  as  rise  of  temperature 
from  99  to  102;  in  one  case  the  temperature  rose  to  103.8;  the  pulse 
rate  is  accelerated  to  100,  or  as  high  as  110 — in  one  case  to  130. 
Other  symptoms  were  intense  headache,  anorexia,  nausea,  in  some 
cases  vomiting,  and  a  mild  form  of  diarrhea.  In  severe  cases  some 
complained  of  general  joint  pains  and  backache ;  in  these  cases  the  urine 
was  examined  and  albumin  in  small  amount  was  found,  but  no  casts  or 
blood.    When  the  acute  symptoms  disappeared,  so  did  the  albumin. 

Many  patients  who  suffered  from  mild  cases  complained  of  nothing 
aside  from  the  intense  itching.  If  all  straw  was  removed  from  the 
beds  and  house,  the  symptoms  would  subside  in  one  or  two  days  and 
completely  disappear  in  a  few  days  more. 

The  lesion,  which  is  typical  of  the  disease,  is  the  urticaria  vesiculosa. 
The  urticarial  lesion  varies  in  size  from  that  of  a  split  pea  to  that  of  a 
penny;  it  is  surrounded  by  a  pinkish  halo,  varying  in  intensity  of 
color  from  a  pale  pink  to  a  most  bright  pink.  The  *' hive  "-like 
lesion  is  at  first  blanched,  but  later  becomes  a  rose-red  color.  It  is 
elevated  about  1  or  2  millimeters  above  the  skin  surface,  and  is  sur- 
mounted by  a  small  vesicle  containing  a  whitish  fluid  marking  the 
place  of  inoculation.  The  vesicle  is  about  1  or  2  millimeters  in  diame- 
ter and  elevated  about  3  millimeters  above  the  surface  of  the  urti- 
carial lesion.  As  the  lesion  grows  old  it  goes  through  the  process  of 
evolution:  (1)  It  is  blanched  and  has  a  central  vesicle;  (2)  it  is  rose- 
red  and  the  vesicle  may  become  a  pustule;  (3)  it  generally  recedes  to 
the  skin  level  with  scab  formation,  due  to  the  scratching;  (4)  it  leaves 
a  brownish  or  greenish-yellow  or  purple  spot  on  the  skin  surface.  In 
debilitated  patients  the  markings  look  not  unlike  faded  indelible- 
pencil  marks.  (This  was  noted  in  a  patient  suffering  from  pulmonary 
tuberculosis.)     These  discolorations  may  last  for  several  weeks. 

The  anatomical  location  of  the  lesions  is  generally  the  back,  sides, 
and  abdomen,  and  less  frequently  the  arms  and  legs.  The  neck  has 
very  few  lesions;  the  face,  hands,  and  feet  have  very  few  or  none. 

Thenumber  of  lesions  depends  upon  the  number  of  mites,  ranging 
from  very  few  to  thousands;  in  some  cases  the  back  and  abdomen 
have  been  almost  a  solid  mass  of  lesions — new  lesions  on  the  tops  of 
old  lesions,  so  having  lesions  in  all  stages  of  development. 

Later  investigations  carried  out  by  Mr.  Wildermuth,  at  Lafayette, 
Ind.,  during  December,  1909,  and  January  and  February,  1910,  show 
that  where  straw  is  kept  in  masses,  as  in  stacks  and  bams,  the  mites 
literally  swarm  through  the  straw,  and  as  soon  as  an  Isosoma  or  its 
parasites  attempt  to  gnaw  their  way  out  through  the  cells  in  the 

[Cir.  118]  gitized  by  VjOOglC 


20 

straw,  the  mites  enter  and  kill  them  before  they  are  able  to  enlarge 
the  opening  sufficiently  to  enable  them  to  make  their  escape;  indeed, 
not  more  than  5  per  cent  succeeded  in  escaping. 

As  this  represents  fairly  well  the  conditions  of  straw  in  spring  and  early 
summer  when  it  is  used  for  the  manufacture  of  mattresses  and  on  the 
farms  for  the  filling  of  straw  ticks  and  as  a  substitute  for  felting  under 
carpets,  the  great  nimiber  of  cases  of  this  dermatitis  occurring  over  the 
country  is  not  at  all  surprising,  and  the  indications  for  the  season 
of  1910are  more  favorable  for  an  increase  than  a  decrease  in  the  trouble. 

OBscuBrrr  subbounding  the  occubbence  of  this  skin  disease. 

The  exact  nature  of  this  eruptive  disease  was  not  at  all  understood 
by  the  medical  profession  throughout  the  country.  In  southwestern 
Virginia  thrashermen  suffered  from  the  same  disorder,  but  attributed 
it  to  "chiggers"  (fig.  12),  and  local  physicians,  though  skeptical,  were 
themselves  unable  to  correctly  diagnose  or  to  account  for  the  trou- 
ble.   As  the  disease  is  not  serious  and  passes  away  in  the  course 

of  time  without  leaving 
the  patient  in  any  way 
permanently  injured, 
it  seems  to  have  been 
passed  over  by  medical 
men  without  investiga^ 
tion,  excepting  by  the 
physicians  whose  publi- 
cations have  just  been 
cited.  Among  the  peo- 
ple themselves  the  enip- 

¥iQA2.--LephtianuTieantua,tMt;Leptu$iTrUanta,tT\ght,    Highly     tioU  WaS  Probablv  more 
magnified.    (After  Riley.)  /^  -^ 

frequently  attributed  to 
attacks  of ' '  chiggers  "  or  a  * '  rash ' '  than  to  any  other  cause,  and  it  is  quite 
likely  that  this  common  erroneous  interpretation  of  the  origin  of  the 
eruption  has  prevailed  generally  throughout  the  country,  including  the 
upper  Shenandoah  Valley  in  Virginia,  where  the  jointworm  was  abun- 
dant as  far  back  as  1904.  It  was,  consequently,  rather  unfortunate 
that,  with  the  beginning  of  this  disorder,  an  institution  in  one  of  the 
States  involved  should  publish  a  newspaper  bulletin  crediting  the  epi- 
demics of  this  eruption  to  the  attack  of  *' chiggers,''  and,  furthermore, 
that  a  second  press  bulletin,  accentuating  the  first,  should  have  been 
issued  and  sent  to  every  newspaper  in  the  State  and  from  these  copied 
into  other  newspapers  throughout  the  country.  Thus  it  was  that  an 
entirely  erroneous  impression  was  magnified  and  still  further  diffused. 
In  order  to  determine  the  likelihood  that  those  handling  straw  in 
the  wheat  field  will  be  attacked  by  the  small  red  mites  often  mistaken 
for  ''chiggers"  that  abound  in  the  harvested  grain  at  this  time, 
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Mr.  Wildermuth,  ot  the  Bureau  of  Entomology,  made  a  number  of 
experiments.  In  no  case  was  he  able  to  provoke  an  attack  from 
these  red  mites,  probably  Tydeus  sp.,  even  when  they  were  confined 
upon  the  skin  of  his  bare  arm.  On  the  other  hand,  examinations  of 
straw  from  various  points  in  Ohio  and  Indiana  have  revealed  the 
presence  of  Pediculoides  in  the  cells  occupied  by  the  joint  worm. 
This  seems  to  entirely  eliminate  "chiggers"  from  these  investigations 
because  these  were  probably  not  present  and  there  does  not  longer 
appear  to  be  any  doubt  that  Pediculoides  verUricostLS  is  to  be  charged 
with  causing  the  epidemic  of  this  dermatitis.  The  cause  of  its  own 
excessive  abundance  lies  in  the  outbreaks  of  the  Angoumois  grain 
moth  upon  the  grain  in  the  East  and  the  jointworm  in  the  wheat  straw 
in  the  Middle  West.  Therefore  "chiggers"  do  not  appear  to  figure  as 
a  cause  in  such  epidemics. 

LIGHT  THROWN   UPON   OTHER   PROBLEMS. 

These  investigations  have  illustrated  very  nicely  the  extent  to 
which  the  solution  of  one  entomological  problem  will  at  the  same 
time  also  solve  other  problems  more  or  less  closely  allied  to  the  orig- 
inal one.  The  light  thrown  upon  the  cases  of  eruption  noted  by 
Doctor  Harris  in  connection  with  the  barley  jointworm  has  already 
been  explained.  The  present  outbreak  of  the  jointworm  in  the  Ohio 
Valley  probably  originated  in  the  upper  Shenandoah  Valley  of  Vir- 
ginia, extending  northward  and  westward  throughout  West  Virginia 
and  eastern  Ohio.  When  investigation  of  the  insect  was  taken  up  in 
1904  a  parasite,  Ditropinotus  aureoviridis  Crawford,  was  also  noted  in 
excessive  abundance,  but  for  some  reason  it  did  not  overcome  the  joint- 
worm.  This  phenomenon  has  been  noted  continually.  Since  that 
time  it  has  been  a  perpetual  enigma  to  the  writer  why  it  was  that  with 
such  an  abundance  of  its  natural  enemies  the  jointworm  should  con- 
tinue to  spread  and  increase  in  destructiveness.  Now,  however,  that 
we  know  that  this  predaceous  mite  is  able  to  develop  through  a  series  of 
years  in  such  immense  numbers  in  connection  with  the  jointworm,  the 
matter  comes  nearer  a  solution.  Ditropinotus,  as  well  as  some  other 
parasitic  enemies  of  the  jointworm,  emerge  in  early  July  from  eggs  that 
were  previously  placed  in  the  cells  occupied  by  the  jointworm.  As 
soon  as  the  adult  parasites  emerge  they  at  once  oviposit  in  cells  con- 
taining jointworm  larv»  of  the  same  generation  from  which  they 
themselves  developed.  The  puncturing  of  these  cells  by  the  ovi- 
positor of  these  parasites,  particularly  Ditropinotus,  opens  a  way  for 
the  entrance  of  this  microscopic  mite,  and,  once  inside  of  the  cell, 
it  will  destroy  everything  therein,  whether  it  be  jointworm  or  para- 
site. Thus  the  predaceous  mite  has  prevented  the  other  parasites 
from  controlling  the  jointworm  because  it  has  continually  checked 
the  increase  of  other  parasites. 
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In  the  light  of  the  foregoing,  it  would  appear  that  the  only  way 
to  evade  the  disorder  among  human  beings  caused  by  this  mite  lies 
in  preventing  the  occurrence  of  these  two  destructive  grain  insects 
which  are  responsible  for  the  abundance  of  the  mite  itself.  There  is, 
therefore,  a  double  incentive  for  the  farmer  to  use  every  effort  to 
prevent  the  occurrence  of  these  pests  in  his  fields.  In  many  fields 
in  Oliio  Mr.  Wildermuth  found  that  more  than  one-half  of  the  straws 
had  been  attacked  by  joint  worms,  and  the  damage  resulting  from  their 
attacks  amounted  to  a  considerable  percentage  of  the  farmers'  wheat 
crop.   (See  fig.  13.)    In  addition  to  this — and  we  now  know  that  this 

mite  is  generally  present — his 
own  family  and  employees 
suffer  the  annoyance  of  this 
dermatitis  and  also  those  who 
attempt  to  use  mattresses  into 
which  the  infested  straw  has  en- 
tered. Thus  people  hundreds 
of  miles  away,  unaware  of  the 
presence  of  these  mites  in  mat- 
tresses, are  caused  not  only 
great  aggravation  but  intense 
suffering  through  their  use. 

DEVELOPMENT   OF   THE    MITES. 

The  investigations  carried 
out  during  the  winter  of  1909- 
1910  by  Mr.  Wildermuth  reveal 
the  fact  that  a  period  of  from 
six  to  an  indefinite  number  of 
days  elapses  between  the  time 
a  female  emerges  from  the  ab- 
domen of  the  mother  until  it 
produces  young.     This  depends  upon  temperature. 

For  a  temperature  of  from  90°  to  100°  F.,  six  days  elapses;  for  a 
temperature  of  from  80°  to  90°  F.,  seven  days  elapses;  for  a  temperature 
of  from  70°  to  80°  F.,  nine  days  elapses;  for  a  temperature  of  from 
60°  to  70°  F.,  thirteen  days  elapses,  and  for  a  temperature  of  from 
50°  to  60°  F.,  twenty-eight  days  elapses. 

With  temperatures  lower  than  50°  F.  it  is  doubtful  if  the  mites 
would  develop.  The  periods  required  for  the  development  of  differ- 
ent females  subjected  to  the  same  temperature  are  very  uniform. 
(For  instance,  in  temperatures  of  from  70°  to  80°  F.  nearly  every 
female  produced  young  in  exactly  nine  days.)     The  life  of  the  mites 
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Fio.  13.— Reduction  in  yield  of  wheat  attacked  by  joint- 
worm  ( Uo9oma  tritici ) .  The  tube  at  left  contains  yield 
from  100  heads  from  iininfested  straws;  tube  at  right 
contains  yield  from  100  heads  from  infested  straws. 
(Original.) 
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varied  from  eighteen  to  an  indefinite  number  of  days — forty-three 
days  was  the  maximum  age  for  those  kept  under  the  lower  tempera- 
tures. The  number  of  young  produced  by  a  single  female  varied 
considerably  and  variation  was  greater  among  individuals  under 
like  conditions  than  among  those  imder  variable  conditions.  The 
niunber  varied  from  just  a  few  to  270.  From  3  to  8  males  were 
iisually  produced,  there  being  two  exceptions  to  this:  In  one  instance, 
when  the  temperature  was  between  70®  and  80®  F.,  26  males  were 
produced  and  in  another  case  a  large  nimiber.  The  firstborn  in  many 
cases  were  males.  The  largest  nimiber  of  young  produced  during 
any  one  day  by  a  single  female  was  52. 

The  ideal  temperature  for  rapid  development  and  the  production 
of  the  maximum  number  of  young  was  from  70®  to  80®  F.  The  ab- 
domen of  the  female  reaches  its  maxunum  size  in  about  five  days. 
The  mite  is  omnivorous,  preferring  smooth  larvae  to  hairy  ones.  A 
young  mite  can  not  enter  a  closed  Isosoma  cell.  Mites  can  live  only 
a  short  time  without  food — less  than  a  day  in  all  cases  observed. 
Copulation  occupies  only  a  few  minutes,  the  males  rarely  leaving  the 
surface  of  the  abdomen  of  their  mother.  In  the  laboratory  a  single 
Isosoma  pupa  or  larva  will  sustain  a  female  up  to  the  time  she  pro- 
duces young  and  continue  to  support  her  progeny  for  from  twenty 
to  twenty-eight  days.  In  the  field,  or  under  natural  conditions, 
one  pupa  would  probably  furnish  food  for  Uve  mit?s  for  approxi- 
mately the  same  length  of  time,  as  in  one  experiment  a  pupa  furnished 
sufficient  food  for  a  month.  The  mites  can  be  kept  ahve  by  subject- 
ing them  to  a  low  temperature  and  development  checked  for  an 
indefinite  time.  When  attacking  human  beings  they  do  not  bury 
themselves  in  the  skin  and  remain  there  as  do  the  '^chiggers.^' 

PREVENTIVE   AND   PROTECTIVE   MEASURES. 

Throughout  the  territory  involved  in  the  eastern  epidemic  of  this 
dermatitis,  which  was  due  to  the  excessive  abundance  of  the  Angou- 
mois  grain  moth,  the  evidence  recently  obtained  by  the  writer  has 
been  overwhelmingly  to  the  effect  that  where  wheat  was  thrashed 
as  promptly  as  possible  after  harvest  and  directly  from  the  shocks 
in  the  field,  almost  no  occurrence  of  this  grain  moth,  without  which 
there  would  be  no  mites,  was  observed  by  millers  and  others  han- 
dling the  thrashed  grain.  On  the  other  hand,  when  hauled  from 
the  field  and  placed  unthrashed  in  the  barn,  the  damage  from  this 
pest  has  varied  up  to  nearly  50  per  cent,  and  has  so  affected  the 
crop  as  to  cause  its  rejection  by  millers,  except  where  ground  on 
the  f armer^s  order.  Here,  then,  is  a  means  of  protection  for  people 
who  use  or  handle  wheat  straw  grown  in  this  section  of  the  country. 

In  Ohio,  Indiana,  and  Illinois,  where  the  mite  causing  this  der- 
matitis has  increased  enormously  on  account  of  the  prevalence  of  the 
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jointworm,  wheat  placed  in  the  barn  before  thrashing  has  been 
found  much  more  likely  to  produce  epidemics  of  this  disorder, 
although  the  difference  between  wheat  thrashed  in  the  field  and  in 
the  bam  is  not  so  striking  as  where  the  trouble  results  from  abundance 
of  the  grain  moth. 

A  careful  study  of  a  large  number  of  wheat  fields  in  central  Ohio 
by  the  Bureau  of  Entomology  has  shown  that  the  infestation  from 
the  jointworm  during  the  season  of  1909  varied  from  1  to  95  per  cent. 
Here,  too,  the  mite  was  found  generally  in  the  cells  in  the  straw 
occupied  by  the  jointworm  larvae.  It  has  been  found  that  in  central 
-Ohio  September  sown  wheat  is  much  more  seriously  affected  by  the 
jointworm  than  that  sown  in  October,  and  also  that  the  infestation  is 
worse  in  both  cases  on  poor  soil  than  on  that  of  an  average  degree  of 
fertility,  and  still  less  on  good  soil.  The  infestation  is  invariably 
worse  in  fields  on  which  wheat  had  been  grown  the  previous  year,  and 
in  fields  lying  adjacent  thereto.  Fall-plowed  fields  showed  the  least 
infestation  of  all.  It  appears,  therefore,  that  moderately  late-sown 
wheat  on  good  soil  and  on  land  not  devoted  to  wheat  the  previous 
year  nor  lying  adjacent  to  such  fields,  escapes  with  the  least  injury, 
and  that  less  difficulty  with  the  dermatitis  is  experienced  where 
wheat  has  been  thrashed  from  the  field  and  as  soon  as  possible  after 
the  grain  was  harvested.  As  the  jointworm  winters  over  in  the  stub- 
ble, where  this  can  be  burned  during  fall,  winter,  or  spring,  the 
destruction  of  both  the  pest  and  the  mite  in  the  field  will  be  com- 
plete. Where  this  can  not  be  done,  much  good  may  be  accomplished 
by  raking  over  last  year's  stubble  fields  in  the  spring  and  burning 
the  stubble  thus  collected.  So  important  are  these  measures  that 
practicing  physicians  might  almost  include  them  with  their  pre- 
scriptions for  this  painful  skin  disorder. 

SUGGESTION   TO   CORRESPONDENTS. 

In  order  that  this  mite  may  be  further  studied  with  reference  to  its 
direct  relation  to  man,  all  requests  for  information  and  correspond- 
ence relating  to  dermatological  matters  should  be  addressed  to 
Dr.  Joseph  Goldberger,  passed  assistant  surgeon,  United  States 
Public  Health  and  Marine-Hospital  Service,  Hygienic  Laboratory, 
Washington,  D.  C.  All  correspondence  relating  to  entomological 
and  agricultural  matters  connected  with  epidemics  of  this  skin  erup- 
tion should  be  addressed  to  the  Bureau  of  Entomology,  Department 
of  Agriculture,  Washington,  D.  C. 

Approved. 

James  Wilson, 

Secretary  of  AgricaUure. 

Washington,  D.  C,  January  11,  1910. 
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THE  CLOVER  ROOT-BORER. 

(Hylastinus  obscurus  Marsham.) 

By  F.  M.  Webster, 
In  Charge  of  Cereal  and  Forage  Insect  Investigations. 

INTRODUCTION. 

The  clover  root-borer  {Hylastinus  ohscurus  Marsham)  is  not  a 
native  of  America,  but  has  been  introduced  from  Europe  and  has 
established  itself  in  the  fields  of  red  clover  in  some  sections  of  the 
eastern  United  States,  as  well  as  throughout  the  States  of  Oregon 
and  Washington,  wherever  clover  is  grown.  It  frequently  commits 
serious  depredations  by  burrowing  in  the  roots,  thereby  destroy- 
ing the  plants.  It  has  long  been  known  in  Europe  as  a  clover  pest, 
Eichoff  *»  giving  its  distribution  as  Germany,  Aus- 
tria, France,  England,  and  the  Canary  Islands. 
Other  European  entomologists  have  also  written 
of  its  occurrence,  and,  according  to  Bach,  it 
infested  large  fields  of  clover  near  Odenbach? 
Germany,  in  1803,  an  occurrence  evidently  coin- 
cident with  its  description  by  Marsham  in  1802. 

While  it  did  not  come  to  notice  in  America  as 
a  pest  until  about  1878,  when  it  was  found  in 
destructive  abundance  in  central  New  York,  it 
probably  occurred  in  this  country  long  prior  to 
that  date.  Dr.  A.  D.  Hopkins, who  is  making  a  fio.  i-xhe  clover  root- 
special  study  of  this  group  of  beetles,  tiz,  the  SMn'"NatS 
Scolytidae,  has  shown  the  writer  a  specimen,  from  at  right.  (Author's  iUus- 
the  collection  of  the  late  Doctor  Fitch,  with  a  New  ''*****''•  ^ 
York  label  attached  to  the  pin,  referring  to  a  note  which  he  has  been 
unable  to  find.  In  all  probability,  however,  this  specimen  antedates 
the  discovery  of  the  insect  by  Riley  in  1878.  Besides,  owing  to  the 
obscure  habits  of  the  pest,  it  is  more  than  likely  that  it  was  injurious 
to  clover  even  prior  to  this  date  without,  however,  having  been 
detected  by  farmers.  Even  at  present,  both  in  the  Middle  West 
and  on  the  Pacific  coast,  where  it  is  most  destructive,  it  has 
attracted  little  attention,  ^the  effects  of  its  ravages  being  usually 
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attributed  to  adverse  meteorological  conditions.  The  pest  seems 
to  have  spread  much  more  rapidly  westward  than  southward,  as  it 
probably  occurs  in  the  East  nearly  to  the  Mississippi  River;  but  it 
has  attracted  no  attention  along  the  Atlantic  coast  south  of  Penn- 
sylvania. In  that  State,  however,  the  writer  found  it  abundant  around 
Chambersburg,  but  not  disastrously  so,  in  October,  1906.  It  has  not 
been  reported  at  all  from  the  vicinity  of  Washington,  D.  C.  It  is  cer- 
tainly not  seriously  injurious  in  the  New  Eng- 
land States  at  the  present  time,  the  late  Dr. 
James  Fletcher  reported  a  similar  state  of 
affairs  in  Ontario,  Canada,  and  we  do  not 
receive  any  reports  of  its  occurrence  between 
the  Mississippi  River  and  the  Rocky  Mountains. 
In  Ohio,  West  Virginia,  Indiana,  and  south- 
ern Michigan  it  is  becoming  more  and  more 
destructive. 


Fio.  2.— The  clover  root-borer: 
Larva  or  grab.  Much  en- 
larged. (Author's  illustra- 
tion.) 


DESCRIPTION   OF  THE   INSECT. 


The  fully  developed  insect  is  a  small,  dark- 
brown,  hard-bodied  beetle,  shown  enlarged  in  figure  1. 

The  larva,  or  grub,  shown  enlarged  in  figure  2,  is  about  an  eighth 
of  an  inch  long,  dingy  white,  with  honey-yellow  head  and  brown  jaws. 

The  pupa  (fig.  3)  is  even  smaller  than  the  larva,  also  dingy  white, 
with  two  minute  spinous  projections  on  the  top  of  the  head  and  two 
somewhat  larger  ones  at  the  anal  extremity.  The  eggs  are  elliptical, 
white,  and  minute,  yet  large  enough  to  be  seen  with  the  unaided  eye. 


LIFE   HISTORY. 

In  the  East  there  is  certainly  but  one  generation  annually,  though 
this  appears  to  be  long  drawn  out,  and  scattering  indi- 
vidual larvae  and  pupae  may  be  found  throughout  every 
month  of  the  year.  The  finding  of  eggs  as  late  as  Sep- 
tember 18  has  been  reported  from  Michigan.  As  a  rule, 
however,  the  insects  pass  the  winter  in  the  adult  stage 
(fig.  1)  within  the  roots  where  they  developed.  During 
May  they  abandon  the  old  roots  and  seek  out  fresh 
plants  or  fields  in  which  to  lay  their  eggs.  The  eggs 
are  mostly  deposited  between  the  middle  of  May  and 
June  20.  The  female  gouges  out  a  shallow  cavity, 
more  often  in  the  crown  of  the  plant,  sometimes  at 
the  sides  of  the  root  even  2  or  3  inches  below  the 
crown,  and  in  this  places,  singly,  but  not  far  separated, 
about  half  a  dozen  pale  whitish,  elliptical,  very  minute 
eggs.    These  hatch  in  about  a  week,  and  the  larvae  (fig.  2)  for  a  time 
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Fio.  3.— The  clover 
root  -  borer: 
Pupa.  Much  en- 
larged. (Au- 
thor's Illustra- 
tion.) 


feed  in  the  excavation  made  by  the  mother,  but  soon  burrow  down- 
ward into  the  root,  and  before  the  1st  of  August  the  majority  of 
them  have  become  fully  grown  and  passed  into  the  pupal  stage 
(fig.  3).  By  October  nearly  all  have  become  fully  developed  beetles, 
but  they  make  no  attempt  to  leave  the  plant  until  the  following 
spring.  Bach  states  that  the  adults  fly  at 
Omegnen  in  March  and  April,  while  EichhofT 
has  observed  them  near  Mulhausen,  swarming 
during  the  warm  afternoons  about  the  middle 
of  June ;  but  these  observations  were  all  made 
in  different  parts  of  Europe.  In  our  own 
country,  in  Ohio,  the  adults  are  abroad  and 
have  been  swept  from  clover  fields  early  in 
May;  but  no  swarming  of  the  beetles  has  been 
observed,  though  it  is  clear  that  they  may 
migrate  about  that  time  of  the  year. 

FOOD   PLANTS. 

In  Europe,  besides  red  clover  and  alfalfa, 
the  species  is  known  to  attack  Scotch  broom, 
Cytisus  {Spartium)  scoparius,  and  goat  root  or 
yellow-flowered  rest-harrow  {Ononis  natrix). 
In  America  it  has  so  far  been  especially  de- 
structive to  red  clover  (Trifolium  praten^e), 
yet  with  the  recently  increasing  interest  in 
the  growing  of  alfalfa  (Medicago  saliva)  in 
the  Northern  States  it  may  be  expected  to 
become  destructive  to  that  crop  also.  Besides, 
it  is  knowTi  to  attack  manmioth  clover  (Tn- 
folium  medium)  and  alsike  (T.  hyhridum). 
The  fact  that  it  also  injures  the  garden  pea 
will  be  very  suggestive  to  growers  of  peas  for 
canneries,  and  indicates  the  undesirability  of 
sowing  peas  early  in  the  season  on  ground 
that  has  recently  been  in  these  clovers  or 
lying  adjacent  to  the  infested  clover  fields.  Late-sown  peas,  how- 
ever, would  probably  not  become  sufficiently  large  to  invite  attack 
until  after  the  beetles  had  appeared  and  gone. 


Fio.  4.— Clover  root,  showing 
work  of  clover  root-borer. 
Slightly  enlarged.  ( Author's 
illustration.) 


METHOD   OF   ATTACKING   RED   CLOVER. 

The  insect's  method  of  attack  is  well  illustrated  by  figure  4,  show- 
ing a  clover  root  split  in  two,  exposing  the  excavations.  In  cases 
of  extreme  abundance,  however,  almost  the  entire  main  root, 
except    the    bark,    is    eaten,    the    substance    being   displaced    by 
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excreta,  and  the  dead  top  either  becomes  detached  of  itself  or  is 
easily  broken  off  if  one  attempts  to  pull  up  the  plant.  It  will  be 
observed  at  once  that  until  the  roots  have  attained  suflScient 
dimensions  it  will  be  impossible  for  the  insect  to  attack  them.  Over 
the  territory  where  red  clover  is  grown  in  this  country  the  seed 
is  sown  either  durmg  late  winter  or  spring;  and  during  the  first  year 
the  roots  of  the  plants  have  not  yet  attained  sufficient  size  to 
accommodate  the  insects  at  the  time  the  latter  are,  with  the  excep- 
tion, perhaps,  of  a  few  belated  individuals,  abroad  and  depositing 
their  eggs;  and  thus  the  plants  are  almost,  if  not,  indeed,  entirely, 
exempt  from  attack  the  first  year.  Hence  it  is  not  until  the  sum- 
mer of  the  second  year  that  the  plants  are  destroyed.  This  has  led 
European  entomologists  to  believe  that,  like  many  others  of  the  Scoly- 
tidae,  the  insect  does  not  attack  the  plant  until  the  latter  has  become 
weakened  by  age  or  is  diseased.  But  in  this  country,  at  least,  this 
can  not  be  true,  for  the  reasons  just  given.  It  is  not  improbable, 
however,  that,  as  between  two  plants  with  roots  of  the  requisite  size, 
an  unhealthy  one  would  be  preferred  by  the  beetles  rather  than  one 
in  a  thoroughly  vigorous  condition.  But  as  yet  there  have  been 
no  observations  tending  to  verify  this  hypothesis.  A  diseased  clover 
root,  or  one  that  has  begun  to  decline  from  effects  of  age,  is  first 
affected  at  the  heart;  and,  as  will  be  observed  from  figure  4,  this  is  the 
part  first  attacked  by  the  root-borer. 

EFFECT  UPON  THE  PLANT. 

While  an  infested  clover  plant  sooner  or  later  succumbs  to  an  attack 
by  this  insect,  life  may  be  lengthened  or  shortened  by  meteorological 
conditions.  Thus,  if  the  spring  or  early  suromer  is  very  dry,  the 
plants  begin  to  die  in  patches  late  in  June,  as  soon  as  the  hay  crop  is 
removed;  but  if  there  is  much  rain  during  this  period,  the  weakened 
plants  may  continue  to  live  until  winter,  dying  out  before  spring.  In 
either  case  the  farmer  is  likely  to  be  misled  and  to  attribute  the  loss 
to  the  weather.  The  sunmier  of  1905  was  not  a  dry  one.  Copious 
rains  fell  with  sufficient  frequency  to  enable  all  but  the  most  seriously 
affected  plants  to  survive.  A  prominent  seedsman  of  Indiana,  who 
was  much  among  clover  fields,  thus  described  the  situation  in  October: 

In  driving  around  this  year  and  examining  clover  fields,  we  have  found  that  several 
fields  which  apparently  should  have  produced  an  immense  amount  of  seed,  or  at  least, 
say,  3  or  4  bushels  to  the  acre,  *  *  *  did  not  shake  out  anything.  We  pulled  up 
some  plants  and  discovered  that  the  plant  broke  off  at  the  crown;  or  if  any  of  the  root 
did  come  with  it,  it  was  small  and  decayed.  On  close  investigation  we  discovered  a 
little  white  worm  which  seemed  to  be  in  abundance  and  working  amongst  the  roots. 
We  noticed  this  in  a  number  of  fields  and  have  been  wondering  what  it  was.  We  have 
also  had  samples  of  clover  plants  from  other  sections  of  Indiana  showing  these  condi- 
tions, and  almost  invariably  the  yield  of  such  fields  was  less  than  a  bushel  per  acre, 
and  in  many  instances  hulling  was  abandoned  and  the  huller  taken  cjat^of  the  field, 
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NATURAL  ENEMIES. 

While  Doctor  Riley  found  the  larva  of  one  of  the  common  soldier 
beetles,  probably  TelepJiorus  hUineatus  Say,  attacking  the  larvae  of  the 
borer,  and  although  it  probably  has  olher  enemies,  both  among 
insects  and  birds,  these  have  so  far  proven  of  little  economic  impor- 
tance. 

PREVENTIVE    MEASURES. 

The  only  preventive  measure  yet  tried  that  gives  any  promise  of 
success  is  summer  fallowing  as  soon  as  the  hay  crop  is  removed. 

At  this  time  the  yoimg  are  in  an  immature  state  and,  if  deprived 
of  food,  must  perish.  They  can  not  migrate  from  one  clover  root  to 
another,  and,  if  the  meadow  is  now  broken  up,  throwing  the  roots 
up  to  the  hot  Sim  and  winds,  these  wither  and  dry,  thus  no  longer 
supplying  the  necessary  sustenance,  at  this  time  so  imperative  to  the 
life  of  the  larv»,  and  they  perish.  Thus  an  invasion  of  a  new  field 
from  an  old  one  may  be  prevented.  But  if  the  fallowing  be  delayed, 
even  for  a  few  weeks,  the  larv»  will  then  have  for  the  most  part  passed 
into  the  pupal  stage,  during  which  no  food  is  required,  and  plowing  can 
have  little  or  no  effect  upon  them.  This  measure,  together  with  the 
practice  of  allowing  clover  fields  to  stand  only  two  years,  would  soon 
reduce  the  pest  to  subjugation  in  any  community.  No  trouble  from 
its  work  seems  to  occur  in  pastures.  Once  brought  under  control, 
it  would  seem  that  a  system  of  rotation  that  involves  mowing  for 
hay  aiid  seed  the  first  year,  and  pasturing  and  then  breaking  up  the 
ground  the  following  year,  if  generally  followed  in  a  community, 
would  suffice  to  keep  the  pest  in  subjection.  Extermination  is  not 
possible. 

Approved : 

James  Wilson, 

Secretary  of  Agriculture, 
Washington,  D.  C,  January  12^  1910. 
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L.  O.  HOWARD,  Entomologist  and  Chief  of  Bureau. 


CONTROL  OP  THE  BROWN-ROT  AND  PLUM  CURCULIO 

ON  PEACHES. 

By 
W.  M.  SooiT,  of  the  Bureau  of  Plant  Industry, 

and 
A.  L.  QuAiNTANCE,  of  ifie  Bureau  of  Entomology, 

The  two  most  important  troubles  of  the  fruit  of  the  peach  and  other 
stone  fruits  are  the  so-called  '•  brown-rot"  {Sclerotinia  fructigenia  (P.) 
Schr^t.)  and  the  plum  curculio  ( Conotrachdus  nenuphar  Herbst).  The 
bi^own-rot  is  a  fungous  disease  of  the  flowers,  twigs,  and  fruit,  but  is 
especially  destructive  to  the  latter  as  it  approaches  maturity.  Under 
weather  conditions  favorable  to  the  fungus  from  one-half  to  three- 
fourths  of  the  crop,  or  even  the  entire  crop,  may  be  destroyed  within 
a  few  days.  The  marketed  fruit,  moreover,  rarely  reaches  its  desti- 
nation in  good  condition  and  is  often  a  disappointment  to  the  grower 
as  well  as  to  the  consumer.  This  destructive  disease  is  well  known  to 
peach  growers,  especially  in  the  Southern  States,  and  requires  but 
little  in  the  way  of  description.  Although  young  green  fruit  may 
become  infected,  it  is  the  ripening  fruit  which  suffers  most.  The 
disease  first  appears  as  a  small  brown  spot,  which  rapidly  enlarges, 
involving  in  a  few  days  the  entire  fruit.  On  the  surface  of  the 
diseased  spots  minute  tufts  of  spore-bearing  threads  appear,  giving 
to  the  fruit  a  grayish,  moldy  appearance. 

The  plum  curculio,  in  the  course  of  its  feeding  and  egg  laying, 
punctures  the  fruit,  and  is  often  so  abundant  that  not  a  single  fruit 
escapes  injury.  The  punctures  form  a  nidus  for  brown-rot  spores, 
greatly  favoring  infection.  Larvae  of  the  curculio,  hatching  from  the 
eggs  placed  beneath  the  skin  of  the  peach,  make  their  way  to  the  pit, 
and  by  their  injury  cause  much  of  the  young  fruit  to  drop.  Fruit 
infested  later  in  the  season  may  ripen  prematurely  and  fall  or  be  badly 
misshapen.  Worminess  of  peaches  in  the  East  is  entirely  due  to  the 
plum  curculio,  and  the  injuries  of  this  insect  cause,  in  the  aggregate, 
a  loss  each  year  to  fruit  growers  of  many  thousands  of  dollars.     As 
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the  curculio,  by  its  punctures,  opens  the  way  for  brown-rot  infection 
of  peaches,  plums,  etc.,  its  control  becomes  doubly  important. 

While  the  curculio  is  not  of  Itself  the  cause  of  brown-rot,  its  work 
very  greatly  favors  the  disease.  Furthermore,  it  is  practically  certain 
that  the  curculio  distributes  the  spores  of  the  fungus,  and  in  the  course 
of  its  feeding  and  egg  laying  actually  infects  the  fruit  with  the  fungus. 

As  is  well  known,  the  foliage  of  the  peach  and  other  stone  fruits  is 
especially  sensitive  to  sprays,  such  as  Paris  green  and  Bordeaux  mix- 
ture. This  has  largely  prevented  the  use  of  Bordeaux  mixture  and 
other  copper  compounds  for  the  control  of  peach  diseases.  While  it 
has  been  known  for  several  years  that  arsenate  of  lead  could  be  used 
in  the  treatment  for  curculio,  some  injury  has  resulted,  and  on  account 
of  the  well-known  sensitiveness  of  peach  foliage  entomologists  have 
been  cautious  about  recommending  it.  The  combination  treatment  for 
fungous  diseases  and  insect  enemies  so  successful  in  the  treatment  of 
the  apple,  grape,  etc.,  has,  therefore,  not  been  possible  on  the  peach. 

The  development  of  the  self -boiled  lime-sulphur  mixture,  however, 
as  a  fungicide  has  made  possible  the  control  of  the  brown-rot  and  some 
other  peach  diseases.  The  experiments  made  by  the  Bureau  of  Plant 
Industry,  with  the  self-boiled  lime-sulphur  mixture  on  the  peach,  cov- 
ering three  years— from  1907  to  1909— have  shown  conclusively  that 
when  properly  made  it  is  perfectly  harmless  to  the  foliage,  fruit,  and 
tender  growth  of  the  peach,  and  that  it  will  satisfactorily  control  brown- 
rot,  peach  scab,  and  other  fungous  diseases. 

In  experiments  conducted  during  the  past  season  it  was  found  that 
the  arsenate  of  lead  could  be  combined  with  the  self- boiled  lime-sulphur 
mixture  for  spraying  peaches,  and  that  this  insecticide  was  apparently 
less  injurious  in  the  combination  than  when  used  alone,  and  that  the 
combination  was  entirely  successful  in  controlling  the  scab,  brown- 
rot,  and  curculio.  The  addition  of  arsenate  of  lead,  as  shown  by  these 
and  other  experiments,  has  been  practically  without  injurious  effects 
where  not  more  than  two  applications  have  been  made.  Three  appli- 
cations, however,  of  an  arsenate-of-lead  spray  are  likely  to  cause 
shot-holing  of  the  leaves  and  an  excessive  reddening  of  the  fruit,  and 
under  certain  weather  conditions  such  symptoms  may  appear  as  the 
result  of  only  two  applications  of  the  poison,  though  ordinarily  not  to 
an  injurious  extent.  The  great  benefits  to  be  derived  from  spraying, 
it  is  believed,  will  much  more  than  offset  any  possible  slight  injury. 

SOME   RESULTS  OF  SPRAYING.** 

In  experiments  conducted  in  the  Hale  orchard,  at  Fort  Valley,  Ga., 
during  1909,  by  the  Department  of  Agriculture,  the  practicability 
of    the  control  of    peach  scab,   brown-rot,  and    the  curculio  was 


oFor  a  detailed  account  of  these  experiments,  see  Bulletin  174  of  the  Bureau  of 
Plant  Industry,  U.  8.  Department  of  Agriculture. 
[Cir.  120] 


Digitized  by  VjOOQ iC 


thoroughly  demonstrated.  Thu«  a  block  of  1,100  Elberta  trees  was 
sprayed,  first,  with  arsenate  of  lead  at  the  rate  of  2  pounds  to  50  gallons 
of  water  at  the  time  the  calyces,  or  shucks,  were  shedding;  second, 
with  2  pounds  of  arsenate  of  lead  in  self-boiled  lime-sulphur  mixture 
(8-8-50)  three  weeks  later;  third,  with  self -boiled  lime-sulphur  mixture 
alone  a  month  later;  and,  fourth,  with  self-boiled  lime-sulphur  mix- 
ture a  month  before  the  ripening  period  of  the  fruit.  At  picking  time 
95.5  per  cent  of  the  fruit  from  the  sprayed  block  was  free  from  brown- 
rot,  93.6  per  cent  free  from  scab,  and  72.5  per  cent  free  from  the  cur- 
colio.  On  the  unsprayed  block  only  37  per  cent  of  the  fruit  was  free 
from  brown-rot,  1  per  cent  free  from  scab,  and  2i  per  cent  free  from 
curculio  injury.  In  packing  the  fruit  for  market  it  was  found  that  the 
amount  of  merchantable  fruit  on  the  sprayed  block  was  ten  times  as 
great  as  from  the  unsprayed  block  containing  the  same  number  of 
trees. 

On  a  block  of  Waddell  trees  sprayed  with  the  self -boiled  lime-sulphur 
mixture  alone,  one  month  after  the  falling  of  the  petals  and  again  one 
month  before  the  fruit  ripened,  the  results  were  not  quite  so  good, 
owing  to  curculio  infestation;  but  the  yield  of  merchantable  fruit 
was,  nevertheless,  100  per  cent  more  than  that  on  a  similar  block  of 
unsprayed  ti'ees  of  the  same  variety. 

From  these  results  and  those  of  previous  experiments  we  may  con- 
clude that  the  peach  grower  now  has  at  his  command  a  reasonably 
safe  and  thoroughly  effective  remedy  for  the  peach  scab,  brown-rot, 
and  curculio.  By  carefully  following  the  instructions  given  below  he 
should  be  able  effectively  to  prevent  these  troubles  at  a  small  cost. 

PREPARATION  OF  THE  SPRAY  MIXTURES. 

The  sprays  to  be  employed  are  the  self -boiled  lime-sulphur  mixture 
and  arsenate  of  lead.  The  arsenical  is  added  to  the  lime-sulphur  mix- 
ture, permitting  the  treatment  of  both  brown-rot  and  the  plum  curculio 
at  one  and  the  same  time. 

Self-boiled  lime-mLpKur  'mixture. — ^This  mixture  is  composed  of  8 
pounds  of  fresh  stone  lime  and  8  pounds  of  sulphur  (either  flowers  or 
flour  may  be  used)  to  50  gallons  of  water.  This  appears  to  be  about 
the  correct  strength,  although  in  mild  cases  of  scab  and  brown-rot  a 
weaker  mixture,  containing  6  pounds  of  each  ingredient  to  50  gallons 
of  water,  may  be  used  with  satisfactory  results.  The  mixture  can  best 
be  prepared  in  rather  large  quantities — say,  enough  for  200  gallons  at 
a  time,  making  the  formula  32  pounds  of  lime  and  32  pounds  of 
sulphur  to  be  cooked  with  a  small  quantity  of  water  (S  or  10  gallons) 
and  then  diluted  to  200  gallons. 

The  lime  should  be  placed  in  a  barrel  and  enough  water  poured  on  to 
almost  cover  it.  As  soon  as  the  lime  begins  to  slake  the  sulphur 
should  be  added  after  first  running  it  through  a  sieve  to  break  up  the: 
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lumps.  The  mixture  should  be  constantly  stirred  and  more  water 
added  as  needed  to  form  a  thick  paste  at  first  and  then  gradually  a 
thin  paste.  The  lime  will  supply  enough  heat  to  boil  the  mixture 
several  minutes.  As  soon  as  it  is  well  slaked  water  should  be  added 
to  cool  the  mixture  and  prevent  further  cooking.  It  is  then  ready  to 
be  strained  into  the  spray  tank,  diluted,  and  applied. 

The  stage  at  which  cold  water  should  be  poured  on  to  stop  the  cook- 
ing varies  with  different  limes.  Some  limes  are  so  sluggish  in  slaking 
that  it  is  difficult  to  obtain  enough  heat  from  them  to  cook  the  mix- 
ture at  all,  while  other  limes  become  intensely  hot  on  slaking  and  care 
must  be  taken  not  to  allow  the  boiling  to  proceed  too  far.  If  the 
mixture  is  allowed  to  remain  hot  fifteen  or  twenty  minutes  after  the 
slaking  is  completed,  the  sulphur  gradually  goes  into  solution,  com- 
bining with  the  lime  to  form  sulphids,  which  are  injurious  to  peach 
foliage.  It  is  therefore  very  important,  especially  with  hot  lime,  to 
cool  the  mixture  quickly  by  adding  a  few  buckets  of  water  as  soon  as 
the  lumps  of  lime  have  ^slaked  down.  The  intense  heat,  violent  boiling, 
and  constant  stirring  result  in  a  uniform  mixture  of  finely  divided 
sulphur  and  lime,  with  only  a  very  small  percentage  of  the  sulphur  in 
solution.  It  should  be  strained  to  take  out  the  coai*se  particles  of 
lime,  but  the  sulphur  should  be  carefully  worked  through  the  strainer. 

Arsenate  of  lead. — Arsenate  of  lead  comes  on  the  market  in  a  thick, 
putty-like  paste,  and  must  be  worked  free  in  water  before  addition  to 
the  lime-sulphur  mixture.  There  are  several  brands  upon  the  market 
and  the  grower  should  be  careful  to  purchase  from  reliable  firms. 
The  addition  of  arsenate  of  lead  to  the  self-boiled  lime-sulphur  mixture 
will  bring  about  a  decided  change  in  color,  but  without  injuriously 
afifecting  the  value  of  the  spray.  Arsenate  of  lead  is  used  at  the  rate, 
of  2  pounds  to  each  50  gallons  of  water  or  lime-sulphur  mixture. 

The  amount  of  poison  required  for  each  spray  tank  of  mixture  may 
be  weighed  out  into  a  bucket,  thinned  with  water,  and  poured  through 
a  strainer  into  the  spray  tank.  In  extensive  operations,  however,  it 
is  much  more  convenient  to  prepare  a  stock  mixture  in  advance. 
Place  100  pounds  of  the  material  in  a  barrel  with  a  bucket  of  water 
and  work  it  into  a  thin  paste  with  a  spade  or  a  large  paddle,  then 
dilute  with  water  to  make  exactly  25  gallons.  When  thoroughly 
stirred,  each  gallon  will  contain  4  pounds  of  arsenate  of  lead,  and  the 
aitiount  of  poison  for  each  spray  tank  of  mixture  may  be  measured, 
thus  avoiding  the  trouble  of  weighing  small  lots. 

SCHEDULE   OF  APPLICATIONS. 

For  the  Elberta,  Bell,  Reeves,  and  other  varieties  of  peaches  of 
about  the  same  ripening  season^  the  following  is  advised: 

First  application. — About  the  time  the  calyces,  or  shucks,  are  shed- 
ding from  the  young  fruit,  spray  with  arsenate  of  lead  at  the  rate  of 
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2  pounds  to  50  gallons  of  self-boiled  lime-sulphur  mixture.  Since  this 
application  is  rather  early  for  scab,  and  since  serious  outbreaks  of 
brown-rot  do  not  usually  occur  at  this  time,  the  self-boiled  mixture 
may  be  omitted  in  many  cases  with  reasonable  safety.  But  during 
warm,  rainy  springs,  especially  in  the  South,  the  lime-sulphur  mixture 
will  doubtless  be  necessaiy  in  this  application.  In  case  the  self-boiled 
lime-sulphur  mixture  is  not  used  there  should  be  added  to  each  50 
gallons  of  water  the  milk  of  lime  made  from  slaking  2  or  3  pounds  of 
good  stone  lime,  in  order  to  counteract  any  caustic  action  of  the  arse- 
nate of  lead. 

Second  application. — Two  or  three  weeks  later,  or  about  one  month 
after  the  falling  of  the  petals,  spray  with  the  8-8-50  self-boiled  lime- 
sulphur  mixture  and  2  pounds  of  arsenate  of  lead. 

Third  application. — About  one  month  before  the  fruit  ripens  spray 
with  the  8-8-50  self-boiled. lime-sulphur  mixture,  omitting  the  poison. 
,  For  earlier  maturing  varieties  of  peaches,  such  as  Waddell,  Car- 
man, and  Hiley,  the  first  two  treatments  outlined  above  will  usually 
be  sufficient,  but  in  very  wet  seasons  badly  rotting  varieties  would 
probably  require  three  treatments.  Late  varieties,  such  as  Smock  and 
Salway,  having  a  longer  season,  would  not  be  thoroughly  protected  by 
three  applications,  but  on  account  of  the  expense  there  is  hesitation 
in  recommending  a  fourth  spraying.  In  view  of  the  results  obtained 
on  raidseason  varieties,  it  seems  likely  that  three  treatments  will  ordi- 
narily be  sufficient  for  the  late  varieties. 

APPLICATION   OF  THE   SPRAT   MIXTURE. 

During  the  operation  of  spraying,  the  mixture  should  be  kept  well 
agitated.  Owing  to  the  tendency  of  the  self-boiled  lime-sulphur  mix- 
ture and  the  arsenate  of  lead  to  settle  readily,  this  point  can  not  be 
too  strongly  emphasized.  If  the  spraying  outfit  is  not  equipped  with 
a  good  agitator,  the  spray  will  not  be  evenly  distributed,  with  the 
result  that  some  of  the  trees  will  be  oversprayed  while  others  will 
receive  an  insufficient  application.  The  early  applications  of  spray 
should  be  made  rather  heavy  and  very  thoroughly  to  insure  the  de- 
struction of  the  curculio  and  protection  against  scab.  The  last  spray- 
ing, a  month  before  ripening  time  of  the  fruit,  should  be  made  with 
fine  nozzles,  the  object  being  to  give  the  fruit  a  uniform  coating  of  a 
mistlike  spray.  Heavy  drenching  of  the  trees  at  this  time  should 
l>e  avoided,  to  guard  as  much  as  possible  against  the  staining  of  the 
fruit  at  picking  time. 

Approved: 

James  Wilson, 

Secretary  of  Agriculture.  , 

Washington,  D.  C,  February  ^6^  1910. 
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THE  OTSTER-SHELL  SCALE  AND  THE  SCURFY  SCALE. 

(Lejridoaaphes  ulmi  L.  and  Chionaspis  furfura  Fitch.) 

By 

A.  L.  QuAiNTANCE,  In  Charge  o/Decidtums  Fruit  Insect  Investigations f 

and 
E.  R.  Sasscer,  Scientific  Assistant. 

INTBODTJCTION. 

The  oyster-shell  scale  (Lepidosaphes  ulmi  L.)  and  the  scurfy  scale 
{Qhionaspis  fuTfura  Fitch)  are,  with  the  exception  of  the  San  Jose 
or  Chinese  scale  (Aspidiotits  pemidosus  Comst.),  more  frequently  the 
subject  of  inquiry  by  orchardists  than  all  other  species  of  scale  insects 
combined.  These  two  scale  pests  are  now  very  generally  distributed 
throughout  the  country,  and  from  their  relatively  conspicuous  appear- 
ance are  often  detected  by  observant  fruit  growers  who  frequently 
believe  them  to  be  the  more  serious  San  Jose  scale.  The  oyster-shell 
and  scurfy  scales,  while  not  dangerous  in  the  sense  of  generally  causing 
the  death  of  infested  trees,  are,  however,  of  considerable  economic 
importance. .  The  complete  killing  of  individual  branches  of  apple 
trees  by  either  species  is  a  matter  of  frequent  observation,  and  trees 
so  badly  infested  are  frequently  greatly  stunted  and  retarded  in  their 
growth,  resulting  perhaps  in  extreme  cases  in  the  death  of  the  trees. 
Of  the  two  species  considered,  the  oyster-shell  scale  has  been  and  is 
at  the  present  time  the  more  important.  Its  injuries  to  certain 
shade  trees,  especially  poplar  and  maple,  have  been  the  cause  of  much 
complaint  during  recent  years.  Such  shade  trees  are  ordinarily  not 
sprayed  for  scale  insects,  and  the  increase  of  these  pests  from  year  to 
year  is  thus  checked  only  by  their  natural  enemies.  The  writers 
have  frequently  seen  maple  and  poplar  trees  literally  incrusted  from 
top  to  bottom  with  the  oyster-shell  scale,  many  of  the  limbs  killed, 
and  in  rarer  instances  the  trees  quite  dead — ^without  doubt  owing  to 
the  attack  of  this  scale  insect. 
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THB  OYSTBR-SHBLL  SCALE. 

(Lepidosaphes  ulmi  L.) 

ORIGIN   AND  DISTRIBUTION. 

The  origin  of  the  oyster-shell  scale  is  a  matter  of  some  uncertainty. 
It  has  a  world-wide  distribution,  and  was  introduced  into  the  New 
England  colonies  at  an  early  date.  The  first  American  accoimt  of  this 
pest  was  written  by  Enoch  Perley  in  1794,  in  which  he  stated  that  it 
was  doing  considerable  damage  to  the  apple  in  Cumberland  County, 
Maine.  In  the  early  sixties  it  had  reached  the  Mississippi  River,  and 
at  the  present  writing  (April,  1910)  occurs  in  every  State  of  the  Union 
with  the  possible  exception  of  South  Dakota,  Oklahoma,  and  Texas. 
Its  occurrence  in  these  States  is  practically  certain,  but  there  appear 
to  be  no  records  in  literature  to  this  effect,  and  it  has  not  been  received 
from  these  States  by  the  Bureau  of  Entomology.  The  insect  is  very 
troublesome  in  the  Northern  States  and  is  especially  common  in  the 
New  England  States  and  those  bordering  the  Great  Lakes. 

DESCRIPTION   AND  LIFE   HISTORY. 

This  insect  has  received  the  common  name  "oyster-shell  scale/' 
owing  to  the  resemblance  of  its  scale  or  covering  to  a  long,  narrow 
oyster  shell,  as  may  be  seen  by  reference  to  figure  1.  The  adult 
female  scales  are  about  one-eighth  of  an  inch  in  length,  usually  brown 
to  dark  brown  in  color,,  though  occasionally  they  have  a  grayish 
appearance  which  is  due  to  bleaching  over  winter.  If  present  in 
large  numbers,  for  want  of  room  they  assume  various  more  or  less 
curved  shapes.  The  scale  of  the  male  in  shape  and  color  resembles 
that  of  the  female,  but  is  smaller  and  possesses  at  the  posterior 
extremity  a  small  hinge  or  flap  which  permits  the  exit  of  the  adult 
male. 

If  during  winter  or  early  spring  one  of  the  female  scales  be  removed, 
numerous  small,  oval,  white  eggs  varying  in  number  from  40  to  100 
will  be  revealed,  and  at  the  anterior  portion  can  be  seen 'the  dead  and 
shriveled  body  of  the  female. 

In  Canada  and  the  Northern  States  there  is  thought  to  be  but  one 
full  brood  annually,  whereas  in  the  Middle  and  Southern  States  the 
species  is  double  brooded. 

The  following  records  from  literature  and  from  the  Bureau  of  Ento- 
mology will  indicate  the  time  in  the  spring  of  hatching  of  the  eggs  of 
this  insect,  in  various  localities.  This  time  will,  of  course,  vary  with 
the  season,  but,  in  general,  as  long  ago  stated  by  Doctor  Mygatt,  in 
Illinois,  will  for  any  locality  be  shortly  after  the  time  of  the  falling 
of  the  blossoms  of  the  apple. 
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Ontario:  Eggs  hatch  about  first  week  of  June  (Jarvis). 

New  York:  Eggs  hatch  latter  part  of  May  to  early  June  (Felt). 

New  Hampshire:  Eggs  hatch  in  late  May  to  early  June  (Sanderson). 

Vermont:  Eggs  hatch  in  late  June  (Stewart). 

Maine:  Eggs  hatch  about  middle  of  June  or  later,  depending  upon  the  season 
(Hitchings). 

Michigan:  In  specimens  received  June  18,  1909,  from  Stittsville,  Mich.,  nearly  all 
eggs  had  hatched  (Sasscer). 


Pio.  1.— The  ojrster-shell  scale  (Lepid09aphe»  ulmi).    All  enlarged.    (Original.) 

Minnesota:  In  specimens  received  May  24,  1909,  from  Lamoille,  Minn.,  eggs  were 
hatching  in  numbers  when  received  (Sasscer). 

Indiana:  In  specimens  received  from  Elwood,  May  14,  1909,  eggp  were  hatching  in 
numbers  when  received  (Sasscer). 

Ohio:  Eggs  hatch  in  late  May  to  early  June  (Goesard). 

Second-brood  eggs  were  found  under  many  scales  August  22,  and  a  few  young  crawl- 
ing at  Cleveland  (Quaintance). 

West   Virginia:  In  specimens  received  April  30,  1908,  from  Parkersburg,  W.  Va., 
young  were  crawling  in  numbers  (Sasscer).  ^.^.^.^^^  ^^  GoOqIc 
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Missouri  (Wright  County):  Eggs  hatch  early  in  May.  Insect  double  brooded 
according  to  a  Mr.  Wright  (Riley). 

Olden,  Mo.,  eggs  hatched  March  29,  1907;  apple  trees  bloomed  March  24  (Girault). 

Ozark  region,  Missouri,  eggs  hatch  about  April  25  to  middle  of  May  (Taylor). 

Illinois  (Cook  County):  Eggs  hatch  about  June  6,  females  reach  full  growth  by 
August  1,  and  oviposit  August  12-28  (Riley). 

District  of  Columbia:  Eggs  hatch  May  5-14  (Quaintance). 

July  4,  eggs  already  deposited  by  most  females  and  young  crawling  (Quaintance). 

Maryland:  Eggs  hatch  early  in  May  (Symons). 

Eggs  of  first  brood  hatch  in  May;  eggs  of  second  brood  hatch  last  week  of  July  to 
first  week  of  August  (Johnson).  ' 

College  Park,  many  recently  settled  scales  in  evidence  May  21  (S.  W.  Foster). 

Delaware:  Eggs  usually  hatch  in  early  May  (Houghton). 

New  Jersey:  Eggs  hatch  during  early  June  (Smith). 

Tennessee:  In  eastern  Tennessee  eggs  hatch  during  first  two  weeks  of  April  (Cham- 
bliss). 

Eggs  begin  to  hatch  ii\  April  and  those  of  the  second  brood  along  in  July  and  August 
(Bentley). 

This  information  as  to  the  period  of  hatching  of  eggs  in  various 
parts  of  the  country  is  of  importance  as  bearing  on  the  time  to  spray 
for  the  destruction  of  the  young  larv8B. 

The  female  molts  twice  in  the  course  of  her  growth,  and  in  the 
adult  condition  is  entirely  without  legs  or  eyes,  being  nothing  more 
than  a  reproductive  sack  with  her  sucking  mouth  parts,  through 
which  the  food  is  taken,  inserted  in  the  tissues  of  the  plant.  The 
adult  male  differs  radically  from  the  female  in  that  it  is  provided 
with  antennsB  and  one  pair  of  wings,  the  second  pair  being  present 
in  the  form  of  club-shaped  organs  known  as  balancers  or  halteres. 
During  the  process  of  metamorphosis  the  mouth  parts*  entirely  dis- 
.  appear,  and  a  second  pair  of  rudimentary  eyes  assumes  their  place. 
Being  without  any  means  of  taking  in  food  the  male  is  naturally 
very  short  lived,  its  only  mission  appearing  to  be  the  fertilization  of 
the  female. 

MEANS   OP  DISTBIBUTION. 

Transportation  by  nursery  stock,  scions,  or  by  grafting  or  budding 
material  is  perhaps  the  only  way  this  insect  is  carried  from  one  section 
of  the  country  to  another,  and  this  in  a  large  measure  accounts  for  its 
wide  distribution.  Locally  it  can  be  transferred  from  plant  to  plant 
only  while  in  the  young  or  crawling  stage.  The  young  are  often  seen 
crawling  on  other  insects,  such  as  beetles,  or  upon  the  feet  of  birds, 
and  may  in  this  way  be  carried  some  distance.  Man  and  domestic 
animals  may  also  assist  in  their  dissemination,  and  it  is  possible  that 
the  winds  blow  them  from  plant  to  plant. 

FOOD    PLANTS. 

The  oyster-shell  scale  has  a  wide  range  of  food  plants,  but  is  com- 
monly found  on  apple,  maple,  horse-chestnut,  poplar,  willow,  and 
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lilac.     The  following  is  a  list  of  the  plants  on  which  it  is  known  to 
occur: 


Alder  (Alnus  rugoaa  Spreng.). 
Almond  (Prunus  sp.),  China. 
American    aspen    (Populus    tremuloides 

Michx.). 
American  bladdemut  (Staphylea  trtfolia 

Linn.). 
Amorpha  sp.,  exotic. 
Apple  (Pyrus  malus  Linn.). 
Apple,  crab  {Pyrus  sp.). 
Apricot  (Prunus  armeniaca  Linn.). 
Arrow- wood  ( Viburnum  spp.). 
Ash  (Fraxintu  oToericana  Linn.),  (F.  ex- 
celsior Linn.)i  (Fraxinus  spp.). 
Balm    of    Gilead    (Populus    balsamtfera 

Linn.). 
Basswood  (IKlia  americana  Linn.),   (T. 

angustifolia,  from  Germany). 
Beech  (Fagus  atropunicea  Sudw.). 
Bilberry  ( Vaccinium  myrtUlus  Linn.). 
Birch,  white  (Betula  populifolia  Ait.). 
Birch,  river  (Betula  nigra  Linn.). 
Bittersweet  (Celastrus  sp.). 
Blackthorn  (Prunus  spinosa  Linn.). 
Box  (Buxus  sempervirens  Linn.). 
Boxelder  (Acer  negundo  Linn.). 
Broom  (Cytisus  scoparius  Link.),  Gumsey. 

(C,  nuidgenus  Link.),  from  Gumsey  (?). 
Buckeye  (JSsculus  glabra  Wild.). 
Buckthorn  (Rhamnus  cathartica  Linn.). 
Butternut  (JugUms  dnerea  Linn.). 
CaUuna  sp.,  Sweden. 
Camellia  sp. 
Camphor     tree     (Camphora     officinalis 

Steud.). 
Cassia  sp.,  in  greenhouse. 
Cherry  (Prunus  sp.). 
Chestnut  (Castanea  americana  Raf.). 
Clematis  paniculata  Thunb. 
Cocoa  palm  from  Barbados. 
Cotoneaster  sp. 
Cranberry  ( Vaccinium  sp.). 
Currant,  black  (Ribes  nigrum  Linn.).  . 
Currant,  red  (Ribes  rubrum  Linn.). 
"Dogwood  (ComusalbaLiim.)f  (C.  alba  vox. 

sibirica  Lodd.),  (?C.  altema  Marsh),  (C. 

calif  arnica  C.  A.  Mey),   (C  sanguinea 

Linn.). 
Elm,  English  ( Ulmus  campestris  Smith). 
Elm,  purple-leaved  (Ulmus  scabra^  var. 

purpurea  Koch). 
? Euphorbia  palustris  Linn.,  Germany. 
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False    bittersweet     (Celastrus    scandens 

Linn.). 
Fig  (Ficus  carica  Linn.). 
Filbert  (Corylus  sp.). 
Ginseng  (Panax  quinqusfolium  Linn.). 
Gooseberry  (Ribes  cynosbati  Linn.). 
Goatsbeard  (Aruncus  Sylvester  Kost.). 
Grape  ( Vitis  vinifera  Linn.). 
Hackberry  (Celtis  ocddentalis  Linn.). 
Hawthorn  (Cratsegus  crus-galli  Linn.),  (C. 

oxyacantha  Linn.). 
Helianthemum    chamsedstus   Mill.,    Eng- 
land. 
Heath  (Erica  sp.),  England  and  Sweden. 
Heather  ( Calluna  sp . ) . 
Holly  (Ilex  crenata  Thunb.). 
Honeysuckle  (Lonicera  sp.). 
Hop  tree  (Ptelea  trifoliata  Linn.). 
Horse-chestnut  (.£sculus  kippocastanum 

Linn.). 
Horena  dulds  Thunb.      f 
June-berry  (Amelanchier  spp.). 
Leather    leaf    (Chamasdap?me    calycuUUa 

Moench). 
Lilac  (Syringa  persioa  Linn.),  (S,  vulgaris 

Linn.). 
Lime  (Citrus  Bp.). 
Linden.    (See  Basswood.) 
Locust,  cultivated  (Robinia  pseudacacia 

Linn.). 
Locust,  water  (Gleditsia  aquatica  Marsh). 
Maple,    striped    (Acer    pennsylvanicum 

Linn.). 
Maple,  sugar  (Acer  saccharinum  Linn.). 
Maple,  mountain  (Acer  spicatum  Lam.). 
MespUus  cuneata  Miq.,  Japan. 
Mosse-wood  (Dirca  palustris  Linn.). 
Mountain  ash  (Sorbus  americana  Marsh). 
Mountain  ash,  European  (Scrims  aucu- 

paria  Linn.). 
Myrtle  (Myrtus  sp.),  Egypt. 
Nectarine  (Prunus  sp.). 
New  Jersey   tea   (Ceanothus  americanus 

Linn.). 
Oak  (Quercus  pedunculata  Ehrh.),  (Quer- 

cus  spp.),  Germany. 
Orchid. 

Pachy Sandra  terminalis  Sieb.  &  Zucc. 
Peach  (Prunus  persica  Sieb.  &  Zucc.). 
Pear  (Pyrus  communis  Linn.ir:^^^^T^ 
Pear,  Sickle.  Digitized by^OOgle 


Peony  (Pxonia  ep.). 

PeppeigrasB      (Lepidium      tuffhiticosum 

Linn.,  Cay.),  France. 
Planera  heakei  C.  Koch. 
Plum  {Pruntis  domestica  Linn.). 
Poplar,  Lombardy  (Popuhu  nigra  var. 

italica  Du  Roi). 
Poplar,  white  (Popultu  alba  Linn.). 
Quince  (Cydonia  vulgaris  Pere.). 
Raspberry  (Rubus  idxus  Linn.). 
Roee  {Rosa  rugosa  Thunb.). 
Sassafras  {Sassc^ras  sassafras  Karst.). 
Silverberry  {Elstagnus  argentea  Pursh.). 
Spirxa  spp. 

Spruce  {Abies  ftrma  Sieb.  &  Zucc). 
Sycamore  {Platamis  sp.). 
Tidlow  tree  {Sapium  sebiferum  Roxb.). 


Tamarisk  {Tamarix  cfrUxma  Poir.). 
Tree  of  Heaven   {AiUmthus  glandulosa 

Desf.). 
Tulip-tree  {Liriodendron  tulipifera  Linn.). 
Umbrella  tree  {Magnolia  tripetala  Linn.). 
Viburnum  sp. 
Viiginia  creeper  {Ampelopsis  qvxnquefolia 

Michx.). 
Willow,  goat  {Salix  caprea  Linn.). 
Willow,    Napoleon    {Salix    babylonica 

Linn.). 
Willow,  osier  {Salix  viminalis  Linn.). 
Willow,  {Salix  ssgyptiaca  For8k.).K  j^^^ 
Willow, {Salix pedicellata  Bed.).]    * 
Walnut,  English  {Juglans  regia  Linn.). 
Walnut  {Juglans  sp.). 
Yucca  ( Yucca  sp.). 


PARASITIC   AND   PREDACEOUS   ENEMIES. 

Minute  parasitic  Hymenoptera  are  often  efficient  enemies  of  this 
scale,  and  in  some  localities  they  apparently  hold  the  insect  in  check. 
If  these  little  friends  are  present,  small  round  holes  can  be  seen  on  the 
dorsal  part  of  the  scale  showing  where  the  adult  escaped.  Those 
more  commonly  found  are  Aphelinus  mytUdspidis  Le  B.,  A.  ahnorrrm 
How.,  A.  fusdpennis  How.,  A.  didspidis  How.,  Aspidiotiphagus 
cUrinus  How.,  Anaphes  gracilis  How.,  and  CheiUmewrus  diaspidinarum 
How. 

The  larvw  of  coccinellids,  or  ladybeetles,  are  sometimes  foimd  feed- 
ing on  these  insects,  and  certain  species  of  mites  assist  in  their  de- 
struction. Birds  are  also  credited  with  doing  service,  the  most  effi- 
cient being  the  titmice  and  tree  creepers. 

THE  SCX7BFY  SCALE. 

{Ckionaspis furfura  Fitch.) 

The  scurfy  scale,  while  infesting  a  considerable  number  of  plants, 
is  a  less  general  feeder  than  is  the  preceding  species.  It  occurs  prin- 
cipally upon  rosaceous  plants,  such  as  the  apple,  peach,  pear,  plum, 
cherry,  etc.,  and  also  on  currant  and  gooseberry  among  cultivated 
plants,  but  seldom  becomes  so  abundant  as  to  cause  particular  in- 
jury or  to  require  specific  treatment.  The  insect  may  be  recognized 
from  the  accompanying  illustration  (fig.  2),  much  enlarged.  The 
scale  of  the  female  is  dirty  gray  in  color,  irregularly  pear-shaped,  as 
shown  in  the  picture.  The  male  scales  are  much  smaller,  elongate, 
snowy  white,  with  three  distinct  keels  extending  longitudinally 
along  the  back.  UnUke  the  former  species,  the  scurfy  scale  is  a 
native  North  American  insect,  and  appears  to  be  lesa  adaptable  to 
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the  various  conditions  throughout  the  country,  and  has  thus  a  more 
restricted  distribution. 


LIFE    HISTORY   AND   HABITS. 


The  scurfy  scale,  Uke  the  oyster-shell  scale,  winters  in  the  egg 
condition  under  the  scales.     The  number  which  may  be  deposited 


Fio.  2.— The  sonify  scale  ( Chiofuupb  furfwa).    Male  at  right,  female  at  leM.    All  enlarged.    (Original.) 

by  a  given  female,  as  may  be  easily  verified  by  examination,  varies 
considerably.  The  following  records  show  the  number  of  eggs  from 
each  of  twenty  individuals : 

Number  of  eggs  deposited  by  the  scurfy  scale.     {Material  collected  on  apple  sprouts  from 
base  of  apple  stump  March  Sly  1905 ^  at  Arlington  Farm^  Virginia.) 


Scale 
No. 

Eggs. 

Scale 
No. 

Eggs. 

Scale 
No. 

Eggs. 

Scale 
No. 

Eggs. 

I 

61 

6 

74 

11 

54 

16 

82 

2 

18 

7 

78 

12 

61 

17 

23 

3 

78 

8 

70 

13 

48 

18 

83 

4 

98 

9 

19 

14 

68 

19 

21 

5 

53 

10 

41 

15 

78 

20 

33 

Average  number  of  eggs  per  scale,  57.5. 
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The  following  records  from  literature  and  from  the  Bureau  of 
Entomology  will  indicate  the  times  of  hatching  of  the  eggs  of  this 
insect  in  the  spring  for  several  localities: 

Ontario:  Eggs  hatch  about  June  1  (Jarvis). 

Connecticut:  Eggs  hatch  usually  between  May  20  and  June  1  (Britton). 

New  York:  Eggs  hatch  at  about  same  time  as  those  of  oyster-shell  scale. 

Ohio:  Eggs  hatch,  and  young  are  crawling,  during  latter  part  of  May  or  in  early  June 
(Houser). 

Illinois:  Eggs  hatch  from  Junci  5  to  12  (Walsh). 

Missouri:  Eggs  hatch  soon  after  the  formation  of  the  young  apples,  the  date  depend- 
ing upon  locality  and  upon  forwardness  of  the  spring  (Taylor). 

District  of  Columbia:  Eggs  hatch  from  May  15  to  Jime  1  (Howard). 

Delaware:  Eggs  hatch  about  same  time  as  those  of  oyster-shell  scale,  which  is  usuaUy 
early  in  May  (Houghton). 

Tennessee:  Eggs  hatch  in  April,  and  there  are  two  broods  annually  (Benjtley). 

Georgia:  In  1906  eggs  hatched  March  11  to  22.  Eggs  for  second  brood  hatched 
beginning  about  June  2. 

In  the  more  northern  States  there  is  but  one  brood  each  year^  but 
in  the  South,  as  in  Tennessee  and  in  Georgia,  there  aref  evidently 
two  full  broods,  and  in  the  latter  State  there  is  a  strong  probability 
of  a  third.  Thus,  at  Myrtle,  Ga.,  in  1906,  the  eggs  were  hatching 
March  11,  and  hatching  had  probably  ceased  by  March  22.  Males 
of  the  new  brood  appeared  May  15,  and  eggs  had  been  deposited  by 
the  female  May  28,  the  hatching  beginning  June  2. 

DISTRIBUTION. 

The  following  records  of  distribution  have  been  compiled  from 
various  publications  and  from  data  collected  by  the  Bureau  of 
Entomology: 

California,  Colorado,  Connecticut,  Delaware,  District  of  Columbia, 
Georgia,  Idaho,  Illinois,  Indiana,  Iowa,  Kansas,  Kentucky,  Maine, 
Maryland,  Massachusetts,  Michigan,  Minnesota,  Missouri,  Nebraska. 
New  Hampshire,  New  Jersey,  New  York,  North  Carolina,  Ohio, 
Pennsylvania,  Rhode  Island,  South  Carolina,  South  Dakota,  Ten- 
nessee, Utah,  Virginia,  Wiusliington,  West  Virginia,  and  Wisconsin. 
In  Canada  it  is  recorded  from  New  Brunswick,  Nova  Scotia,  Ontario, 
and  Prince  Edward  Island. 

FOOD    PLANTS. 

The  following  list  includes  all  plants  upon  which  this  species  has 
been  found,  so  far  as  it  has  been  possible  to  determine  from  records 
in  literature  and  from  those  in  the  Bureau  of  Entomology: 
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Elm  ( VJmus  ep.). 

Gooseberry  (Ribes  sp.). 

Hawthorn  (Cratssgus  oxyacantha  Linn.)- 

Hickory,  big  bud  (Hicoria  alba  Britt.). 

Horse  chestnut  {^scuhu  hippocastanum 
Linn.). 

Peach  (Prunus  persica  Sieb.  &  Zucc.). 

Pear  {Pyrus  communis  Linn.),  (P.  hetero- 
pkylla  Dur.). 

Plum  (Prunus  pissardii  Hort.). 

Plum,  common  garden  (Prunus  domesHca 
Linn.). 

Quince  (Cydonia  vulgaris  Pers.). 

Quince,  Japanese  (Cydonia  japonica  Pers.). 

Raspberry,  black  cap  (Rubus  ocddentalis 
Pers.). 

Red-twigged  dogwood  (doubtful  record). 

Shad-bush  (Am^lanchier  canadensis  Me- 
dic). 

Sweet  gum  (Liquidambar  sp.). 

Sweet  pepper  bush  (Clethra  cdnifolia 
Linn.). 

Walnut,  black  (Juglans  nigra  Linn.). 

Willow,  white  (Salix  alba  Linn.). 


Apple  (Pyrus  mahis  Linn.); 

Apple,  Qiinese  flowenng  (Pynu  specta- 

bilis  Ait.). 
Apple,  crab  (Pyrus  sp.). 
Ash,  European  mountain  (Sorbus  aticur 

paria  Linn.). 
Adi,  mountain  (Sorbus  americana  Ait.). 
Ash,   prickly  (Xanthoxylon  americanum 

Mill.). 
Ash,  white  (Fraxinv^  americana  Linn.). 
Aspen,  largetooth  (Populus  grandidentata 

Michx.). 
Buckthorn  (Rhamnus  cathartica  Linn.). 
Cherry,  choke  (Prunus  virginiana  Linn.). 
Cherry,    wild    black    (Prunus    serotina 

Ehrh.). 
Cherry,  wild  red  (Prunus  pennsylvanica 

Linn.). 
Chokeberry  (Pyrus  floribunda  Lindl.). 
Chokeberry,   black  (Sorbus  melanocarpa 

C.  Koch). 
Chokeberry,   red   (Sorbus  arbutifolia  C. 

Koch). 
"Cherry  currant." 
Currant,  red  flowered  (Ribes  sanguineum 

Pur9h.),  England. 

The  scurfy  scale  is  especially  common  on  apple  and  pear,  less  usu- 
ally so  on  cherry  and  peach,  on  which  latter  host  in  the  South,  in  cer- 
tain cases  which  have  come  imder  the  writers'  observations,  it  proved 
very  destructive,  greatly  stunting  the  trees,  although  none  had  actu- 
ally been  killed. 

PARASITIC    AND    PREDACEOUS    ENEMIES. 

This  species  is  apparently  not  so  subject  to  attack  of  parasitic  and 
predaceous  insects  as  the  preceding,  or  else  attention  has  not  been 
directed  to  this  phase  of  the  insect's  economy  to  an  equal  extent. 
The  following  predaceous  species  are  recorded  as  feeding  upon  the 
scurfy  scale:  Tyroglyphus  mains  (Shimer),  CJiUocorus  hivulnerus  Muls., 
and  Uyperdspidis  sp. 

Among  the  parasitic  Hymenoptera,  Ahlenis  clisiocampae  (Ashm.) 
has  been  reared  from  this  species,  as  well  as  Physcus  varicomis  How., 
and  a  species  of  the  genus  ProspalteUa. 

METHODS  OF  CONTROL  FOR  BOTH  SPECIES. 

Preparatory  to  spraying  orchard,  shade,  and  ornamental  trees  and 
plants  for  scale  insects,  they  should  be  carefully  gone  over  and  any 
dead  and  weakened  parts  pruned  out.  The  presence  of  such  dead 
and  dying  wood  is  a  distinct  detriment,  and  its  removal  will  greatly 
simpltfy  the  work  of  spraying. 
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TREATMENT   OF   ORCHARDS. 

In  orchards  well  sprayed  during  the  dormant  period  for  the  San 
Jose  scale  each  year,  the  oyster-shell  and  scurfy  scales  will  rarely 
prove  troublesome.  While  these  insects,  by  reason  of  wintering  in 
the  egg  stage  under  the  protecting  female  scales,  are  less  susceptible 
to  washes  effective  against  the  San  Jose  scale,  yet  the  treatments 
will  in  most  cases  keep  them  reduced  below  injurious  numbers. 

In  orchards  where  spraying  for  the  San  Jose  scale  is  unnecessary  and 
where  the  oyster-shell  or  scurfy  scales  are  troublesome,  specific  treat- 
ments become  necessary.  There  is  considerable  difference  of  opinion 
among  entomologists  as  to  the  effectiveness  of  sprays  applied  during 
tb^  dormant  season  to  effect  the  destruction  of  the  eggs,  but  there  is 
greater  uniformity  as  to  the  effectiveness  of  spraying  shortly  after 
the  young  have  hatched  and  before  there  has  been  time  for  the  forma- 
tion of  a  thick  protecting  scale. 

Thus  Messrs.  Parrott,  Beach,  and  Sirrine,*"  referring  to  the  scurfy 
scale,  state: 

During  the  work  of  the  past  two  years  opportunities  have  been  given  to  note 
the  effects  of  the  sulphur  washes  upon  this  species.  In  several  instances  where  the 
infestation  was  moderate,  such  treatment  has  usually  checked  the  further  develop- 
ment of  the  scales.  When  the  incrustation  was  heavy,  the  results  attending  the 
application  of  the  washes  have  shown  some  variation  in  the  amount  of  reduction  of 
the  scales,  but  there  has  usually  been  a  very  appreciable  destruction  of  the  insects. 

Writing  of  the  oyster-shell  scale,  Mr.  WilUam  Stuart  says:* 

Early  spring  applications  do  not  appear  to  be  a  practicable  method  of  eradicating 
the  oyster-shell  scale.  Summer  treatment  of  infested  trees,  soon  after  the  young 
have  hatched,  with  dilute  kerosene  emulsion,  whale-oil  soap,  or  tobacco  infusions 
affords  a  much  more  effective  means  of  combating  this  pest. 

Experiments  were  made  by  Mr.  Stuart  in  the  use  of  the  cooked 
lime-sulphur  wash  in  1904,  and  the  kerosene-limoid  mixture  in  1905. 
In  1906  tests  were  made  of  the  cooked  lime-sulphur  sprays.  All 
applications  were  made  during  the  dormant  period  of  the  trees. 

The  Rev.  Chas.  J.  S.  Bethune  states:  * 

Owing  to  the  large  number  of  applicants  who  were  desirous  of  obtaining  information 
on  the  best  methods  of  combating  the  oyster-shell  bark  louse,  it  was  decided  to  carry 
on  a  number  of  experimenta  here,  to  test  the  efficiency  of  the  ^"mrious  insecticides 
commonly  used  against  scale  insects. 

Of  all  ^e  spray  mixtures  tried,  the  well-known  lime,  salt,  and  sulphur  wash  gave 
the  best  results. 

Tho  lime,  sulphur,  and  caustic  soda,  and  the  lime,  sulphur,  and  sal  soda  were  also 
tried,  but  witht)ut  quite  such  good  results.  The  lime,  sulphur,  and  caustic  soda 
proved  to  be  a  little  superior  to  the  lime-sulphur  and  sal  soda,  owing  to  its  apparent 
power  of  better  penetration. 

a  Bui.  262,  N.  Y.  Agr.  Exp.  Sta.  (Geneva),  1905. 
b  19th  Ann.  Rep.,  Vermont  Agr.  Exp.  Sta.,  p.  294,  1907. 
c32d  Ann.  Rep.  Ont.  Agr.  Coll.  and  Exp.  Farm,  p.  48, 1906.         j 
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Soaps. — Various  soape  were  also  tried,  and  of  theee  the  whale-oil-8oap  emulsion 
gave  tiie  best  results,  many  of  the  scales  being  killed.  The  whale^il  soap  gave  good 
results  also,  but  not  equal  to  the  emulsion. 

Kerosene  emulsion. — Kerosene  emiilsion  was  also  tried,  and  this  proved  of  more 
value  than  the  whale-oil-soap  emulnoii,  but  not  so  e£fective  as  the  lime,  salt,  and 
sulphur  wash. 

Lime. — Quick  slaked  lime,  1}  pounds  to  1  gallon  of  water,  proved  very  effective 
applied  as  a  winter  wash,  and  equaled  the  results  obtained  by  the  lime,  salt,  and 
sulphur. 

Kerosene  lime. — ^This  was  also  tried,  but  did  not  prove  superior  to  the  kerosene  emul- 
sion, and  therefore  is  not  to  be  preferred  to  it. 

Prof.  T.  B.  Symons,**  as  a  result  of  tests  of  sprays  upon  the  oyster- 
shell  scale  on  shade  trees  in  1906,  concludes: 

That  maple  trees  infested  with  the  oyster-shell  scale  can  be  treated  both  in  the  fall 
and  early  spring  with  the  lime-sulphur  and  salt  wash  with  satisfactory  results  as 
regards  controlling  the  pest,  and  without  injury  to  the  trees. 

That  where  one  application  is  made  these  tests  showed  the  fall  treatment  to  be 
preferable.  It  is  the  writer's  belief,  however,  that  when  the  wash  is  applied  thoroughly 
in  early  spring  equally  good  or  even  better  results  can  be  obtained. 

The  Duke  of  Bedford  and  Spencer  U.  Pickering*  report  results 
of  detailed  experiments  with  various  washes  in  the  destruction  of 
the  eggs  of  this  insect,  and  found  that  a  3  per  cent  caustic  soda  wash 
gave  100  per  cent  efficiency  in  killing  the  eggs.  A  2.5  per  cent 
caustic  soda  wash  with  soap  also  gave  excellent  results,  but  diffi- 
culty was  experienced  in  handling  the  wash  on  account  of  its  becom- 
ing semisolid.  Results  of  tests  of  other  washes  are  presented,  as 
caustic  soda  and  potash,  paraffin  emulsion,  emulsion  soda  washes, 
emulsions  with  lime,  lime-sulphur  soda  washes,  etc. 

Concerning  the  scurfy  scale,  Mr.  J.  S.  Houser*'  states: 

That  the  lime-sulphur  wash  applied  during  the  winter  is  effective,  as  are  also  con- 
tact sprays  applied  at  hatching  time. 

The  same  author  (1  c),  in  speaking  of  the  oyster-shell  scale,  states: 

The  lime-sulphur  wash  is  imdoubtedly  the  control  method  to  be  used  against  this 
scale,  but  in  the  author's  experience,  it  has  proven  somewhat  of  a  disappointment. 
From  observations  made  upon  hundreds  of  trees  and  shrubs,  sprayed  wi^  a  mixture 
made  by  experienced  men  and  applied  thoroughly,  it  is  apparent  that  only  when  con- 
ditions are  the  most  favorable  are  the  results  following  its  use  satisfactory.  A  slight 
dampness,  such  as  a  light  fog  at  the  time  of  application,  a  somewhat  weakened  spraying 
mixture,  an  extra  case  of  infestation,  where  several  scales  are  piled  upon  one  another, 
a  temperature  below  32  degrees — any  of  these  unfavorable  conditions  is  sufficient  to 
give  poor  results. 

Prof.  R,  A.  Cooley^  presents  results  of  extensive  tests  of  sprays  for 
the  destruction  of  the  oyster-shell  scale:  (1)  As  against  the  eggs  dur- 

a  Bul.  Ill,  Md.  Agr.  Exp.  Sta.,  1906. 
ft  8th  Rep.  Wobum  Exp.  Fruit  Farm,  p.  33,  1908. 
cBul.  194,  Ohio  Agr.  Exp.  Sta.,  1908. 

dJoum.  Econ.  Ent.,  vol.  3,  p.  57,  1910.  ^  by  GoOqIc 
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ing  dormant  period  of  trees;  (2)  early  during  hatching  period  of  eggs, 
and  (3)  late  during  hatching  period  of  eggs.  The  results  were  not 
entirely  consistent,  and  further  experiments  are  promised.  The  two 
following  points,  however,  are  emphasized: 

(A)  Eggs  of  the  oyster-shell  scale  are  unaffected  by  the  application  of  lime-sulphur 
solutions  made  previous  to  the  opening  of  the  buds.  On  trees  so  sprayed  the  young 
were  killed  very  soon  after  hatching.  The  intervention  of  rain  storms  before  the  hatch- 
ing of  the  eggs  may  more  or  less  affect  the  value  of  the  treatment. 

(B)  It  is  indicated  that  emulsions  of  linseed  oil  and  cottonseed  oil  may  be  useful  for 
the  treatment  of  this  insect  while  in  the  egg  stage  and  during  the  hatching  period. 

On  the  whole,  therefore,  it  would  appear  preferable,  where  the  de- 
struction of  these  insects  alone  is  to  be  considered,  to  spray  as  the  young 
insects  are  hatching  in  the  spring.  The  table  of  dates  of  hatching 
given  under  the  remarks  on  life  history  for  each  species  will  indicate 
approximately  when  the  young  insects  may  be  expected  to  appear, 
but  this  time  may  be  accurately  determined  by  frequent  examina- 
tions of  the  infested  trees.  The  very  small,  yellow  insects  will  be 
seen  in  numbers  crawling  over  the  limbs  and  branches  in  their  eflPorts 
to  find  a  suitable  place  for  settling. 

The  data  on  the  dates  of  hatching  of  the  two  species,  considered 
in  connection  with  blooming  dates  of  fruit  trees,  indicate  that  for  any 
locality  the  young  of  both  species  will  have  hatched  and  settled,  and 
may  be  effectively  treated  during  the  period  of  from  one  to  three 
weeks  following  the  blooming  period  of  the  apple;  and  from  two  to 
four  weeks  after  the  period  of  blooming  of  the  peach.  It  will  be 
preferable,  however,  positively  to  determine  the  time  of  crawling 
of  the  young  for  the  particular  locality  and  food  plant,  by  actual 
observations. 

In  spraying  for  the  young  insects  when  the  trees  are  in  foliage,  the 
presence  of  the  leaves  will  render  thorough  work  more  difficult,  and 
especial  care  will  be  necessary  to  reach  all  limbs  and  branches,  treat- 
ing every  portion  of  the  tree  from  top  to  bottom,  as  only  those  insects 
actually  hit  are  destroyed.  A  weaker  wash  must  also  be  employed 
than  during  the  dormant  season,  as  will  be  indicated  later  under  the 
head  of  formulas,  or  else  injury  to  the  foliage  and  fruit  may  result. 

TREATMENT  OF  SHADE  TREES. 

The  oyster-shell  scale  will  often  require  treatment  on  maples, 
Lombardy  and  Carolina  poplars,  ash,  and  willow.  As  these  trees 
Mrill  be  rarely  sprayed  during  the  dormant  period  for  other  scale  pests, 
it  will  be  advisable  to  give  the  treatment  just  after  the  hatching  of 
the  young,  as  already  explained.  Effective  spraying  of  shade  trees, 
when  these  are  of  some  size,  will  require  painstaking  work.  In  many 
cases  it  will  be  necessary  for  the  man  handling  the  nozzle  to  climb 
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into  the  trees  to  reach  the  higher  limbs  and  branches  and  a  long  exten- 
sion or  bamboo  rod  is  indispensable.  The  length  of  hose  must  be 
adapted  to  the  height  of  the  trees  to  be  treated,  and  a  coarse  nozzle, 
such  as  the  Bordeaux,  will  be  preferable,  as  enabling  the  operator  to 
throw  the  spray  some  distance  to  inaccessible  branches.  A  high- 
pressure  pump,  from  150  to  200  pounds,  is  especially  desirable, 
though  the  writers  have  seen  good  work  accomplished  with  an  ordi- 
nary barrel  outfit. 

Spraying  during  the  dormant  season,  however,  may  be  practiced, 
if  the  work  may  be  more  conveniently  accomplished  during  this 
time,  using  one  of  the  winter  sprays  later  mentioned,  as  lime-sulphur 
wash,  kerosene  or  crude  petroleum  emulsion  (20  to  25  per  cent 
strength),  or  some  of  the  miscible  oils. 

TREATMENT     OF     CURRANTS,     GOOSEBERRIES,     ORNAMENTAL     SHRUBS, 
AND  OTHER  LOW-GROWING  PLANTS. 

After  proper  pruning,  shrubs  and  bushes  infested  with  these  two 
scale  pests  should  be  thoroughly  sprayed,  preferably  as  the  young 
are  hatching  in  the  spring,  using  the  summer-strength  kerosene  or 
crude-petroleum  emulsion  or  whale-oil  soap  wash.  A  knapsack  or 
bucket  pump  will  be  suitable  for  treating  a  few  plants  in  yards,  and 
in  view  of  the  small  amount  of  labor  involved,  a  supplementary 
application  is  advisable  in  a  week  or  ten  days  to  destroy  any  belated 
larv8B  which  escaped  the  first  application.  Where  infested  yard 
plants  are  growing  close  to  the  wall  of  a  building,  this  may  be  pro- 
tected during  the  operation  of  spraying  by  a  piece  of  tarpaulin  or 
other  heavy  cloth,  or  even  refuse  paper. 

SPRAY  FORMULAS. 

Kerosene  emulsion  {stock  solution ,  66  per  cent  oil). — Kerosene 
emulsion  is  made  after  the  following  formula: 

Keroeene  (coal  oil,  lamp  oil) gaUons. .     2 

Whale-oil  or  laundry  eoap  (or  1  quart  soft  aoap) pound. .     J 

Water gallon..     1 

The  soap  should  first  be  dissolved  in  boiling  water;  then  remove 
vessel  from  the  fire.  Immediately  add  the  kerosene,  and  thoroughly 
agitate  the  mixture  until  a  creamy  solution  results.  The  stock 
emulsion  may  be  more  conveniently  made  by  pouring  the  mixture 
into  the  tank  of  a  spray  pump,  and  pumping  the  liquid  through  the 
nozzle  back  into  the  tank  for  some  minutes.  The  stock  solution, 
if  well  made,  will  keep  for  some  months,  and  is  to  be  diluted  before 
using.  In  order  to  make  a  10  per  cent  spray  (the  strength  for  trees 
in  foli^e)  add  to  each  1  gallon  of  the  stock  solution  about  5§ 
gallons  of  water.     For  20  and  25  per  cent  emulsions  (for  use  on  dor- 
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mant  trees  and  plants)  use  respectively  about  2}  and  IJ  gallons 
of  water  for  each  1  gallon  of  stock  emulsion.  Agitate  the  mixture 
in  all  cases,  after  adding  the  water.  The  preparation  of  the  emul- 
sion will  be  simplified  by  the  use  of  a  naphtha  soap.  No  heat  will 
be  required,  as  the  kerosene  will  combine  readily  with  the  naphtha 
Boap,  in  water,  when  thoroughly  agitated.  Double  the  quantity  of 
naphtha  soap  given  in  the  above  formula,  however,  will  be  required, 
and  soft  or  rain  water  should  be  used  in  making  the  emulsion.  In 
regions  where  the  water  is  ''hard,'*  this  should  first  be  broken  with 
a  little  caustic  potash  or  soda,  as  common  lye,  before  use  for  dilution, 
to  prevent  the  soap  from  combining  with  the  lime  or  magnesia  present, 
thus  liberating  some  of  the  kerosene,  or  rain  water  may  be  employed. 

Crvde  pdroleum  emvlsion. — Crude  petroleum  emulsion  may  be 
prepared  in  identically  the  same  way  as  described  for  kerosene 
emulsion,  substituting  crude  petroleum  for  kerosene.  The  grade  of 
crude  petroleum  employed  in  the  East  is  that  known  as  ''insecticide 
oil,"  having  a  specific  gravity  of  43*^  to  45*^  Baum6.  The  same 
dilutions  for  winter  and  summer  spraying  should  be  observed  as 
stated  for  kerosene  emulsion,  but  it  should  be  noted  that  for  summer 
treatments  of  trees  in  foliage  the  kerosene  emulsion  is  preferable, 
as  it  is  less  likely  to  cause  injury. 

Whale-oil  soap  vxish. — There  are  several  brands  of  whale-oil  soap 
on  the  market.  Potash  soap  is  preferable,  and  it  should  not  contain 
over  30  per  cent  of  water.  For  spraying  dormant  trees  the  soap  is 
dissolved  in  hot  water  at  the  rate  of  2  pounds  to  each  1  gallon,  and 
spraying  should  be  done  before  the  wash  cools,  otherwise  it  is  forced 
through  the  nozzle  with  difficulty.  For  spraying  trees  in  foliage 
use  the  soap  at  the  rate  of  1  pound  to  3  or  4  gallons  of  water,  or  even 
weaker. 

Lime-sulphur  vxish, — ^Limensulphur  has  become  the  main  reliance 
in  spraying  orchards  infested  with  the  San  Jose  scale,  and  is  effective 
in  controlling  numerous  other  insects  and  is  valuable  for  certain 
fungous  troubles.  The  following  formula  is  used  only  on  dormant 
trees : 

Stone  lime pounds. .  20 

Sulphur  (flour  or  flowers) do 15 

Water  to  make gallons. .  50 

Heat  in  a  cooking  barrel  or  vessel  about  one-third  of  the  total 
quantity  of  water  required.  When  the  water  is  hot  add  all  the  lime 
and  at  once  add  all  the  sulphur,  which  previously  should  have  been 
made  into  a  tliick  paste  with  water.  After  the  lime  has  slaked, 
about  another  third  of  the  water  should  be  added,  preferably  hot, 
and  the  cooking  should  be  continued  for  an  hour,  when  the  final 
dilution  may  be  made,  using  either  hot  or  cold  water,  asi^  most  con- 
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venient.  The  boiling  due  to  the  slaking  of  the  lime  thoroughly 
mixes  the  ingredients  at  the  start,  but  subsequent  stirring  is  neces- 
sary if  the  wash  is  cooked  by  direct  heat  in  kettles.  If  cooked  by 
steam  no  stirring  will  be  necessary.  After  the  •wash  has  been  pre- 
pared it  must  be  well  strained  as  it  is  being  run  into  the  spray  pump 
or  tank.  The  wash  may  be  cooked  in  large  kettles  or  preferably  by 
steam  in  barrels  or  tanks. 

Miscihle  oils. — ^Under  the  head  of  miscible  oils  are  designated 
several  conmiercial  insecticides  coming  into  considerable  use  as  sprays 
for  scale  insects  during  the  dormant  period  of  the  trees,  and  their 
use  will  often  be  advantageous,  especially  where  but  a  few  trees  are 
to  be  treated.  Miscible  oils  should  be  used  on  dormant  trees  at  the 
strength  recommended  by  the  manufacturers. 

Commercial  lime-sulphur  vxishes. — ^There  are  on  the  market  several 
brands  of  concentrated  lime-sulphur  solutions,  designed  to  replace 
the  homemade  lime-sulphur  wash,  mentioned  above.  These  washes 
in  general  have  proved  to  be  satisfactory  for  the  control  of  the  San 
Jose  scale,  and  will  doubtless  be  about  as  effective  against  the  oyster- 
shell  and  scurfy  scales  as  the  homemade  wash,  the  preparation  of 
which  may  thus  be  avoided  if  desired.  These  may  be  used  on  dor- 
mant trees,  or,  much  more  dilute,  on  trees  in  foliage. 

Approved: 

James  Wilson, 

Secretary  of  Agriculture. 

Washington,  D.  C,  March  SO,  1910. 
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United  States  Department  of  Agriculture, 

BUREAU  OF  ENTOMOLOGY. 
L.  O.  HOWARD,  Bntomoloffist  and  Chief  of  Bureau. 


THE  STATUS  OF  THE  COTTON  BOLL  WEEVIL  IN  1909.» 

By  W.  D.  Hunter, 

In  Charge  Southern  Field  Crop  Insect  Investigations. 

ABEA    INFESTED. 

All  the  regions  in  which  the  cotton  boll  weevil  was  known  to  occur  in 
1909  are  shown  on  the  accompanying  map  (fig.  1).     It  will  be  noticed 


Fio.  1.— Map  showing  the  regions  in  which  the  cotton  boll  weevil  oocuned  in  1009. 

that  outside  of  the  United  States  the  insect  occurs  only  in  Mexico, 
Central  America,  and  Cuba.     The  infested  area  in  Texas  covers  all 

«  The  statements  in  this  circular  regarding  the  territory  infested  by  the  boll  weevil 
cover  the  advance  made  by  the  insect  up  to  the  close  of  the  year  1909.  Since  that 
time  it  has  extended  its  range  in  the  United  States  considerably,  as  will  be  shown  in 
a  map  soon  to  be  issued  by  the  Bureau  of  Entomology. 
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2  THE  STATUS  OF  THE  COTTON  BOLL  WEEVHi  IN  1909. 

except  the  western  cotton-producing  counties,  which  in  recent  years 
have  contributed  increasingly  to  the  crop  of  the  State.  Practically 
all  of  the  State  of  Louisiana  is  within  the  infested  territory.  In 
Mississippi,  23  counties  are  more  or  less  infested;  in  Arkansas,  20; 
and  in  Oklahoma,  15.  Of  the  total  cotton  acreage  in  the  States 
concerned,  the  weevil  is  found  in  about  80  per  cent  in  Texas,  30  per 
cent  in  Arkansas,  25  per  cent  in  Mississippi,  35  per  cent  in  Oklahoma, 
and  practically  100  per  cent  in  Louisiana.  This  area  comprises  very 
nearly  30  per  cent  of  the  cotton  acreage  in  the  United  States  in  the 
year  1909,  or  about  37  per  cent  of  the  total  number  of  square  miles 
found  within  the  cotton  belt.  In  other  words,  a  portion  of  the 
infested  territory  includes  relatively  a  greater  acreage  devoted  to 
cotton  than  the  remainder  of  the  belt. 

It  is  important  to  note  that  along  the  extreme  outer  edge  of  the 
infested  territory  in  the  United  States  the  weevils  did  not  invade 
the  cotton  fields  until  late  in  the  season  of  1909;  too  late,  in  fact,  to 
do  any  damage  to  the  crop  of  that  year. 

The  infested  area  includes  many  regions  in  which  the  boll  weevil 
problem  takes  on  local  aspects.  There  is  the  greatest  diversity  of 
climatic  and  other  conditions  which  react  on  the  insect  in  such  a 
way  as  to  establish  areas  of  varying  degrees  of  damage.  These 
individual  areas  will  not,  of  course,  display  a  constant  amount  of 
damage  each  season,  but  in  a  series  of  years  will  show  features  that 
serve  to  differentiate  them  from  each  other.  In  general,  the  damage 
is  least  on  the  dry  plains  of  the  western  portion  of  Texas  and  increases 
toward  the  east.  Where  a  large  precipitation  is  combined  with  the 
presence  of  an  abundance  of  timber,  as  in  portions  of  Louisiana,  the 
damage  is  greatest. 

Nothing  has  transpired  up  to  the  present  time  to  indicate  that  the 
weevil  will  not  eventually  reach  the  northernmost  and  easternmost 
portions  of  the  cotton  belt.  Its  advance  to  the  east  will  be  more 
rapid  than  to  the  north.  This  is  on  account  of  the  lower  tempera- 
ture in  the  north,  to  which  it  seems  necessary  for  the  weevil  to  adapt 
itself  more  or  less  slowly.  In  some  seasons  the  northward  advance 
will  probably  be  checked  altogether  by  abnormal  conditions,  but  the 
experience  now  acquired  seems  to  indicate  that  the  weevil  wiU 
eventually  overcome  any  climatic  barriers  that  may  be  encountered. 
Although  the  advance  to  the  east  and  north  seems  to  be  certain, 
there  is  a  large  region  in  the  west  into  which  the  weevil  can  make  its 
way  only  with  very  great  difficulty,  if  at  all.  In  the  high,  open  plains 
of  western  Texas,  where  cotton  production  has  developed  enormously 
in  the  last  ten  years,  the  conditions  of  the  winters  and  summers 
combined  will  probably  serve  as  an  effective  barrier  against  the 
weevil.  In  that  region  there  is  Uttle  timber  in  which  the  insects 
may  obtain  shelter  from  the  severe  winters.     Moreovei;,  the  normal 
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dryness  of  the  summer  compared  to  that  in  more  easterly  regions, 
causing  small  plants  and  Uttle  shade,  will  act  as  an  equally  strong 
check  upon  the  insect.  On  account  of  these  conditions  it  can  not 
be  considered  that  the  boll  weevil  is  an  important  menace  to  the 
cultivation  of  cotton  in  the  territory  west  of  about  the  one-hundredth 
meridian. 

FEATURES   OF  THE   SEASON   OF    1909. 

The  season  of  1909  was  very  pecuUar  as  r^ards  damage  by  the 
boll  weevil.  The  preceding  season  (1908)  was  also  abnormal,  but  in 
quite  a  different  way.  The  two  abnormal  seasons  coming  in  succession 
have  naturally  given  rise  to  various  erroneous  ideas  about  the  future. 

The  situation  in  1908  was  affected  first  by  climatic  conditions  of 
the  fall  of  1907  and  the  following  winter.  These  allowed  an  unusu- 
ally small  number  of  weevils  to  pass  through  the  winter.  Experi- 
ments performed  with  many  thousands  of  weevils  in  large  field  cages 
showed  a  survival  of  about  3  per  cent  as  against  12  per  cent  after  the 
winter  preceding  the  season  of  1907.  That  is,  about  four  times  as 
many  weevils  survived  to  damage  the  crop  in  1907  as  in  1908.  The 
records  based  upon  experimental  cages  were  corroborated  by  the 
inspection  of  about  300  fields  in  June,  1908.  From  this  work  it  was 
found  that  in  the  representative  fields  examined  there  was  an  average 
of  only  3  weevils  per  acre  in  northern  and  eastern  Texas  in  1908  as 
against  226  per  acre  in  1907.  In  August,  1908,  an  examination  of  the 
degree  of  infestation  of  squares  in  many  localities  showed  5  per  cent 
damage  as  against  54  per  cent  in  1907. 

Following  the  remarkably  disastrous  conditions  for  the  weevil 
in  1908  in  Texas  came  another  series  of  checks  in  1909  in  Texas 
in  June,  August,  and  September.  This  was  the  more  important 
because  the  pest  had  not  had  sufficient  time  to  recover  from  the  loss 
suffered  in  1908.  It  has  been  pointed  out  elsewhere  that  the  most 
important  check  to  the  weevil  in  Texas  is  dry  weather.  It  has 
been  found  that  the  damage  done  is  practically  in  proportion  to  the 
amount  of  precipitation  during  the  growing  season.  As  the  rainfall 
increases  the  damage  becomes  greater.  The  season  of  1909  in  Texas 
will  always  be  notable  on  account  of  the  extremely  dry  and  hot 
weather.  At  Fort  Worth  there  was  a  monthly  deficiency  in  rain- 
fall from  February  to  June,  inclusive,  of  over  1  inch.  The  accumu- 
lated deficiency  for  the  first  seven  months  in  the  year  was  10.42 
inches.  It  must  be  recalled  that  this  represents  practically  a  third 
of  the  normal  total  annual  rainfall  at  Fort  Worth.  Other  points  in 
the  portion  of  Texas  where  the  bulk  of  the  crop  is  produced  show 
similar  records.  At  Dallas,  for  instance,  the  accumulated  deficiency 
of  the  year  1909  up  to  August  1  was  14.28  inches,  for  Waco  10.98 
inches,  for  Palestine  13.03  inches,  and  for  Taylor  11.28  inches.  In 
addition  to  the  actual  shortage  in  rainfall  very  high  temperatures 
occurred.  The  drought  without  the  high  temperatures,  or  vice  versa, 
would  not  have  affected  the  weevil  especially.    The  two  influencea 
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combined;  however,  served  to  give  it  such  a  check  as  it  has  never 
experienced  in  this  country.  At  many  points  in  Texas  and  Louisi- 
ana all  records  for  summer  temperature  were  exceeded.  For  several 
days  the  thermometer  registered  over  110*^  F.  and  in  some  cases  114° 
F.  was  reached.  On  the  surface  of  the  ground  the  temperature  was 
naturally  even  higher. 

No  one  who  traveled  in  Texas  during  the  season  of  1909  could 
have  failed  to  notice  the  effect  of  the  abnormal  climatic  conditions 
on  crops  of  all  kinds.  The  cotton  generally  grew  to  from  one-fourth 
to  one-half  of  the  normal  size.  The  conditions  were  so  adverse  that 
even  variety  characteristics  were  more  or  less  obUterated.  The 
same  conditions  acted  on  the  boll  weevil.  In  fact,  through  large 
productive  areas  in  central  and  northern  Texas  the  insect  was  so 
reduced  in  numbers  that  it  did  not  injure  the  crop  to  any  extent 
whatever. 

It  is  interesting  to  note  that  the  experience  of  the  season  of  1909 
shows  conclusively  that  while  a  certain  degree  of  dry  weather  is 
greatly  to  be  desired  for  the  controlling  effect  it  has  upon  the  boll 
weevil,  dryness  beyond  a  certain  degree  not  only  affects  the  boll 
weevil  adversely,  but  also  the  cotton  plant.  In  fact,  it  became  evi- 
dent that  the  cotton  plant  was  so  stunted  by  the  dryness  that  it  was 
unable  to  derive  any  advantage  whatever  from  the  comparative 
scarcity  of  the  weevils. 

DISPERSION   OF  1909. 

As  regards  dispersion,  the  season  of  1909  was  almost  as  unusual 
as  in  other  respects.  In  one  region  by  far  the  largest  advance  ever 
recorded  was  made  by  the  weevil.  This  covered  120  miles  of  ter^ 
ritory  in  southern  Mississippi.  At  the  same  time  in  Oklahoma  the 
greatest  advance  was  only  30  miles,  while  throughout  the  greater 
portion  of  that  State  the  line  was  extended  only  about  10  miles. 
A  notable  feature  of  the  year's  dispersion  was  the  failure  of  the 
insect  to  extend  its  range  considerably  into  the  Yazoo  Delta  in  Mis- 
sissippi. During  the  preceding  year  an  exceedingly  light  infestation 
reached  the  extreme  southern  portion  of  the  delta.  This  was  the 
vanguard  of  a  flight  that  was  rather  extended.  During  the  season 
of  1909  the  insect  extended  its  range  in  that  quarter  only  about  15 
miles.  Why  there  should  be  an  advance  of  120  miles  in  southern 
Mississippi  and  only  15  in  the  northern  portion  of  the  State  at  first 
seems  obscure,  but  studies  that  have  been  made  indicate  the  expla- 
nation very  clearly.  One  of  the  primary  reasons  for  the  dispersion 
movement  of  the  weevil  seems  to  be  its  inclination  to  obtain  fresh 
food,  and  cotton  squares  in  which  to  breed.  Where  the  cotton  fields 
are  small  and  separated  by  considerable  distances,  this  instinct 
causes  the  weevils  to  fly  over  a  large  extent  of  territory.  On  the 
other  hand,  where  cotton  fields  are  numerous  it  is  unnecessary  for  a 
considerable  advance  to  be  made.     In  other  words.  a(region  of  ligiit 
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cotton  production  causes  the  dispersion  movement  to  be  spread  over 
more  territory,  while  a  region  of  heavy  cotton  production  absorbs 
the  weevils  that  are  compelled  to  fly  away  from  the  locality,  in  which 
they  were  produced.  This  undoubtedly  explains  in  part  the  failure 
of  the  weevils  to  make  a  heavy  advance  into  the  Yazoo  Delta  dur- 
ing the  season  of  1909.  Moreover,  there  is  at  least  one  further  rea- 
son for  the  situation  described.  The  number  of  weevils  that  enter 
into  the  dispersion  movement  must  naturally  be  dependent  upon  the 
numbers  that  are  bred  in  the  cotton  fields  of  the  region  from  which 
the  dispersion  takes  place.  A  heavy  infestation  in  a  certain  r^ion, 
therefore,  means  a  large  number  of  weevils  to  fly  into  previously 
uninfested  territory.  In  a  contrary  way  a  light  infestation  means  a 
comparatively  small  volume  of  weevils  to  fly  beyond  the  original 
territory.  In  northeastern  Louisiana,  the  locality  from  which  the 
Yazoo  Delta  must  naturally  become  infested,  various  conditions 
caused  an  unusually  small  number  of  weevils  to  be  found  in  the 
fall  of  1909.  In  fact,  the  number  was  not  sufficient  to  cause  a 
heavy  dispersion  movement.  It  is  impossible  to  state  which  of  these 
factors  is  more  important,  but  in  all  probability  the  small  number 
of  weevils  in  northeastern  Louisiana  and  the  extensive  cotton  fields 
of  the  delta  which  absorbed  the  light  movement  were  about  equally 
important  in  preventing  a  further  advance  in  the  Yazoo  Delta  than 
was  made  in  1909. 

HISTOBY   IN  TEXAS. 

Naturally  the  status  of  the  boll  weevil  is  shown  by  its  history  in  the 
region  in  the  United  States  where  it  has  existed  for  the  longest  time. 
It  is  therefore  important  to  examine  the  history  of  the  insect  in  Texas. 
On  account  of  great  climatic  variations,  for  the  purpose  of  determin- 
ing the  maimer  in  which  the  boll  weevil  has  affected  cotton  produc- 
tion in  Texas  it  is  necessary  to  divide  the  State  into  three  areas. 
These  are  eastern,  central,  and  western  Texas.  The  divisions  are 
made  in  accordance  with  variations  in  normal  annual  precipitation 
and  other  factors.  Eastern  Texas  as  used  in  this  circular  is  bounded 
on  the  west  by  a  line  running  practically  north  and  south  from  the 
western  line  of  Lamar  County  to  the  western  line  of  Brazoria  County. 
In  this  region  the  rainfall  is  45  inches  per  year  or  more.  It  comprises 
the  counties  listed  below."  Practically  the  whole  area  is  covered 
with  forests.  It  covers  40,180  square  miles.  Central  Texas  com- 
prises a  broad  belt  from  the  Gulf  to  the  Red  River,  beginning  on  the 
west  with  the  limit  of  the  belt  of  32  inches  normal  annual  rainfall, 
and  extends  eastward  to   the  line  just   described   as  defining  the 

a  Red  River,  Bowie,  Franklin,  Titus,  Morris,  Cass,  Wood,  Camp,  Upshur,  Marion, 
Harriaon,  Smith,  Gregg,  Cherokee,  Rusk,  Panola,  Nacogdoches,  Shelby,  San  Augus- 
tine, Sabine,  Angelina,  Trinity,  San  Jacinto,  Polk,  Tyler,  Jasper,  Newton,  Liberty, 
Hardin,  Orange,  Jefferson,  Chambers,  Galveston,  Lamar,  Delta,  Hopkins,  Rains,  Van 
Zandt,  Henderson,  Freestone,  Anderson,  Leon,  Houston,  Madison,  Waller,  Gri 
Walker,  Montgomery,  Harris,  Fort  Bend,  and  Brazoria.  jOC 
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western  boundary  of  the  eastern  Texas  area.  Central  Texas  consists 
of  45  counties**  and  comprises  38,868  square  miles.  It  is  for  the 
most  part  prairie  country,  although  there  are  wooded  valleys  and 
occasional  strips  of  timbered  uplands.  Western  Texas  comprises  the 
remainder  of  Texas,  beginning  with  the  line  marking  the  end  of  the 
area  of  32  inches  normal  annual  precipitation.  It  is  largely  a  prairie 
region,  though  wooded  valleys  are  numerous.  Another  factor  in 
differentiating  western  Texas  from  central  Texas  is  the  increased 
elevation. 

A  careful  study  has  been  made  of  the  manner  in  which  the  weevil 
has  affected  the  production  of  cotton  in  the  three  regions  mentioned. 
Use  has  been  made  of  the  census  records  of  production  from  1899  to 
1909,  a  period  of  eleven  years,  as  shown  in  the  accompanying  table: 

Eastern  J  central,  and  western  Texas  cotton  production  compared,  1899-1909,  from 
United  States  Census. 

[500-pouiid  bales.] 


Eastern. 

Central. 

Westem.o 

Years. 

Bales. 

Percent 

of  Texas 

crop. 

Bales. 

Percent 

of  Texas 

crop. 

Bales. 

Percent 
of  Texas 

1899    

637,872 
811,413 
633,620 
736,660 
645,288 

22.44 
23.59 
26.32 
29.48 
22.06 

1,633,618 
1,892,660 
1,448,872 
1,332,487 
1,242,664 

62.61 
66.04 
67.90 
63.34 
6a  28 

337,528 
734,304 
419,674 
428,866 
683,139 

12.94 

1900 

21.36 

1901 

16i77 

1902 

17.17 

1903                 .     .               

27.64 

Average,  189&-1903 

672,970 

24.88 

1,510,060 

66.85 

620,702 

10l26 

1904 

720,671 
329,523 
672,497 
343,328 
515,038 
474,311 

22.91 
12.96 
16.11 
14  92 

laso 
laso 

1,700,224 
1,414,115 
2,213,863 
1,218,143 
1,980,766 
1,362,096 

64.16 
65.63 
63.03 
62.95 
6a  60 
63.99 

724,475 

798,294 
1,287,846 

738,708 
1,318,681 

686,404 

2a  07 

1905 

31.40 

1906 

3a  85 

1907 ". 

32.11 

1908 

S3.6S 

1909 

27.20 

Average,  1904-1909 

509,228 

16.53 

1,648,201 

5a  39 

925,736 

2a  72 

a  Including  counties  grouped  by  census  under  "All  other." 

In  eastern  Texas  the  production  for  five  years  ending  with  1903 
averaged  24  per  cent  of  the  total  crop  of  Texas.  During  the  same 
series  of  five  years  western  Texas  averaged  19  per  cent  of  the  total 
crop.  For  the  six  years  ending  with  1909  the  eastern  Texas  pro- 
duction dropped  to  16  per  cent  of  the  total  crop  of  Texas,  while  the 
production  in  western  Texas  advanced  to  29  per  cent  of  the  total  crop 
in  Texas.  In  other  words,  the  portion  of  the  Texas  crop  produced 
in  one  area  has  decreased  24  per  cent  and  in  the  other  it  has  increased 
74  per  cent.  This  increase  in  the  west,  where  the  dry  climate  reduces 
boU-weevil  injury,  served  to  offset  the  loss  in  eastern  Texas,  and 

a  Central  Texas  counties:  Cooke,  Grayson,  Fannin,  Denton,  Collin,  Hunt,  Tarrant, 
Dallas,  Rockwall,  Kaufman,  Johnson,  Ellis,  Bosque,  Hill,  Navarro,  McLennan,  Lime- 
stone, Bell,  Falls,  Williamson,  Milam,  Robertson,  Brazos,  Travis,  Lee,  Burleeon, 
Washington,  Hays,  Bastrop,  Caldwell,  Fayette,  Colorado,  Austin,  Guadalupe,  Gon- 
zales, Lavaca,  Wliarton,  Dewitt,  Goliad,  Victoria,  Jackson,  RefuRio,  Calhoun,  Mata- 
gorda, and  Aransas.  ^ 
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thus  accounts  to  a  great  extent  for  the  fact  that  the  total  crop  of  the 
State  has  not  fallen  off. 

The  table  is  introduced  to  show  in  what  manner  the  State  of  Texas 
is  able  to  produce  large  crops  of  cotton  since  the  advent  of  the  weevil. 
There  has  clearly  been  a  falling  off  in  the  proportion  of  the  total 
crop  of  the  State  which  east  Texas  produces.  While  this  has  hap- 
pened an  extensive  immigration  into  western  Texas,  where  the  weevil 
is  unable  to  withstand  the  climatic  conditions,  has  resulted  in  a  pro- 
duction which  more  than  offsets  the  loss  suffered  in  the  eastern  part 
of  the  State. 

The  great  increase  in  production  in  the  western  portion  of  Texas 
is  shown  conspicuously  by  reference  to  individual  counties.  In  1899 
Hall  County,  in  the  extreme  western  portion  of  the  State,  produced 
113  bales;  in  1908,  over  17,000  bales.  Between  the  same  years  the 
crop  in  Jones  County  increased  from  4,000  bales  to  33,000;  in  Taylor 
County,  from  6,000  to  37,000;  in  Coleman  County,  from  8,000  to 
62,000;  and  in  Runnels  County,  from  3;000  to  56,000.  There  was  an 
average  annual  gain  in  the  period  referred  to  in  Hall  County  of 
over  10,000  bales;  in  Jones  County,  an  average  annual  gain  of  over 
22,000  bales.  The  other  counties  in  that  portion  of  the  State  show 
similar  records. 

While  this  remarkable  increase  has  been  accomplished  in  western 
Texas,  there  has  been  a  great  falling  off  in  the  eastern  portion  of  the 
State.  For  instance,  Fannin  County  produced  59,000  bales  in  1899 
and  48,000  bales  in  1908.  Likewise,  in  the  same  time  Red  River 
County  fell  from  29,000  bales  to  18,000  bales.  These  conditions  are 
better  illustrated  by  comparing  the  average  annual  production  before 
1904  and  since  that  year.  This  gives  a  period  of  ten  years,  in  half  of 
which  the  boll  weevil  was  distributed  generally  in  eastern  Texas. 
For  the  five  years  ending  with  1908,  the  crop  of  Fannin  County 
showed  an  average  annual  loss  of  16,752  bales;  Lamar  County,  an 
average  annual  loss  of  10,246  bales;  Red  River  County,  of  11,576 
bales;  and  Grayson  County,  of  10,174  bales. <* 


a  The  Bureau  of  Plant  Industry  attributes  the  reduction  in  cotton  production  in 
east  Texas  to  the  following  causes,  in  addition  to  the  boll  weevil: 

First.  The  construction  of  railroads  and  sawmills  in  the  long-leaf  pine  counties, 
which,  by  their  higher  wage,  drew  their  main  supply  of  labor  from  the  small  feums  ot 
that  section. 

Second.  The  introduction  of  more  profitable  lines  of  agricultiu^,  such  as  wrapper 
tobacco,  truck  gardening,  small  fruits,  peaches  and  pears,  for  which  east  Texas  is 
well  adapted. 

Third.  The  Texas  coast  rice  industry,  which  in  the  past  decade  increased  over 
2,000  per  cent  and  attracted  many  small  farmers  from  east  Texas. 

Fourth.  The  general  effort  made  by  the  United  States  Department  of  Agriculture 
to  induce  the  farmers  to  raise  their  home  supplies,  which  has  had  considerable  effect. 

This  readjustment  of  agriculture  in  east  Texas  by  a  reduction  of  the  acreage  in 
cotton  and  the  adding  of  other  staple  and  cash  crops  would,  however,  have  taken 
place  in  any  event.    It  was  simply  hastened  by  the  advent  of  the  weeviljQQgl^ 
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Iklr.  F.  W.  Gist,  of  the  Bureau  of  Statistics  of  this  Department,  has 
made  a  very  careful  study  to  determine  the  center  of  cotton  produc- 
tion in  Texas  for  each  year  from  1899  to  1908.  As  would  be  sup- 
posed from  the  figures  that  have  been  given,  it  was  found  by  Mr.  Gist 
that  the  center  of  production  had  moved  considerably  to  the  west- 
ward. In  fact,  this  center  moved  from  30.78  miles  east  of  the  ninety- 
seventh  meridian  in  1899  to  19.14  miles  west  of  this  meridian  in 
1908.  This  was  a  westward  movement  of  practically  50  miles.  The 
center  of  production  in  1899  was  on  a  line  passing  north  and  south 
through  the  eastern  portion  of  Grayson  County,  in  Texas.  In  1908 
the  center  had  moved  to  a  line  passing  parallel  with  the  other  through 
the  western  portion  of  Cooke  County,  in  Texas. 

The  situation  in  central  Texas  is  most  interesting.  This  area  in 
the  five-year  period  ending  with  1903  produced  55  per  cent  of  the 
Texas  crop.  For  the  six-year  period  ending  with  1909  it  produced 
63  per  cent  of  the  Texas  crop.  This  shows  that  for  practical  pur- 
poses the  production  in  the  central  portion  of  the  State  has  been 
maintained  in  spite  of  the  weevil.  This  has  been  very  largely  due 
to  the  eflForts  that  have  been  put  forth  by  the  Department  of  Agri- 
culture, and  indicates  that  in  central  Texas  the  control  of  the  weevil 
for  practical  purposes  is  an  accomplished  fact. 

In  this  connection  attention  may  be  directed  to  the  fact  that  there 
is  a  tendency  to  attribute  to  the  boll  weevil  more  damage  than  is 
rightly  chargeable  to  the  insect.  Climatic  conditions,  changes  in 
acreage,  and  other  factors,  including  the  work  of  the  bollworm  and 
leaf  worm,  caused  great  variations  in  production  in  any  locality,  from 
year  to  year,  before  the  advent  of  the  boll  weevil.  Careful  allow- 
ance must  be  made  for  the  effects  of  such  factors  in  determining  the 
extent  to  which  the  boll  weevil  has  affected  the  crop.  In  the  state- 
ments made  in  this  paper  a  careful  attempt  has  been  made  to  avoid 
overestimating  the  effect  on  the  crop  due  to  the  boll  weevil. 

THE   CHAIN   CULTIVATOR. 

Though  not  perhaps  strictly  connected  with  the  status  of  the 
weevil,  the  opportunity  is  taken  to  discuss  briefly  an  important 
machine  for  use  in  weevil  control.  As  the  result  of  many  examina- 
tions to  determine  the  natural  mortality  of  weevils  in  cotton  fields,  it 
was  found  that  when  infested  squares  fell  to  the  middles,  where 
they  were  exposed  to  the  unobstructed  rays  of  the  sun,  the  great 
majority  of  the  weevils  perished  in  a  remarkably  short  time.  Under 
natural  conditions  the  bulk  of  the  squares  fall  in  the  shade  of  the 
plants.  Therefore  attempts  were  at  once  made  to  devise  a  machine 
that  would  carry  the  infested  squares  from  shaded  areas  to  the 
middles,  where  they  would  be  exposed  to  the  sun.  After  a  great 
deal  of  study  and  experimentation  Dr.  W.  E.  Hinds,  now  professor  of 
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entomology  in  the  Alabama  Polytechnic  College,  perfected  a  device 
that  has  been  found  to  accomplish  this  work  in  a  very  satisfactory 
manner.  It  consists  of  two  series  of  chains  arranged  on  a  wheelless 
carriage  in  such  a  way  that  the  anterior  ends  pass  close  to  the  base  of 
the  plants,  while  the  opposite  extremities  pass  about  midway  between 
the  rows.  The  inner  posterior  ends  of  the  chains  approach  within  about 
8  inches  of  each  other.  As  this  machine  is  pulled  through  the  field 
the  great  majority  of  the  squares  are  dragged  to  the  middles  and 
deposited  in  a  narrow  row.  In  addition  to  the  work  of  placing  the 
squares  where  they  will  be  acted  upon  by  the  sun,  the  chain  cultivator 
has  been  found  to  have  an  exceedingly  important  cultural  effect.  It 
destroys  small  weeds,  reduces  clods,  and  fills  the  cracks.  In  fact,  it 
establishes  a  dust  mulch,  which  is  greatly  to  be  desired  in  cotton 
culture. 

An  experiment  perfomjed  in  1908  showed  the  effects  of  the  prac- 
tical use  of  this  machine.  Half  of  a  small  field  was  cultivated  in  part 
by  the  chain  cultivator  and  the  remainder  in  the  usual  manner.  The 
jdeld  was  increased  by  131  pounds  of  seed  cotton  per  acre  where  the 
machine  was  used.  This  amounted  to  a  gain  per  acre  of  $3.93,  or 
practically  what  the  machine  can  be  manufactured  for.  No  extra 
labor  was  involved  in  the  use  of  the  machine,  since  its  use  merely 
replaced  the  use  of  the  ordinary  implements  for  the  later  workings 
of  the  crop.  This  experiment  shows  in  a  practical  way  the  usefulness 
of  the  machine,  which  should  eventually  come  into  common  use  as 
much  for  its  cultural  effect  as  for  weevil  control.  It  is  the  direct 
result  of  strictly  investigational  work.  The  inventor  of  this  machine 
surrendered  all  his  rights  as  to  royalties  to  the  Department  <Jf  Agri- 
culture, so  that  its  manufacture  may  be  taken  up  by  any  individual 
or  company  without  the  payment  of  fees  to  anyone  whatever. 

The  possible  wide  usefulness  of  the  chain  cultivator  was  appre- 
ciated by  one  of  the  largest  implement  concerns  of  the  United  States, 
which  undertook  the  manufacture  of  100  of  them  to  be  distributed 
during  the  season  of  1909.  Several  practical  tests  were  made  during 
that  season,  and  they  showed  that  the  hopes  for  the  implement  were 
not  too  high.  Many  planters  who  have  witnessed  the  operation  of 
the  implement  are  arranging  to  use  it  for  com  as  well  as  for  cotton. 

PARASITES  OF  THE  WEEVIL. 

The  insect  ^lemies  of  the  weevil  are  practically  dependent  upon 
it  for  food.  Therefore  any  conditions  that  affect  the  weevil  adversely 
over  a  large  extent  of  territory  also  affect  the  parasites.  On  this 
account  work  of  the  insect  enemies  of  the  boll  weevil  in  1909  was 
not  at  all  conspicuous.  Nevertheless  important  advances  were  made 
in  the  studies  of  the  practical  utilization  of  these  enemies  of  the 
weeviL     One  parasite  that  has  attacked  the  weevil  in  Texas  may  have 
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extended  its  range  to  the  Mississippi  River,  and  another,  hitherto 
apparently  restricted  to  the  eastern  portion  of  Louisiana,  has  been 
found  in  Texas.  There  can  be  no  absolute  certainty  that  these 
species  have  actually  extended  their  range,  but  at  any  rate  they 
were  found  over  unexpectedly  large  areas.  The  fact  that  they  do 
not  appear  to  be  as  restricted  to  certain  regions  as  seemed  at  fii^t  to 
be  the  case  undoubtedly  serves  to  increase  their  potential  importance 
as  enemies  of  the  boll  weevil. 

In  spite  of  the  most  unfavorable  conditions  the  parasites  caused 
a  considerable  weevil  mortahty.  The  average  total  control  of  the 
boll  weevil  by  its  insect  enemies  throughout  the  season  of  1909  was 
16  per  cent.  This  total  is  smaller  than  in  preceding  years,  but  this 
is  clearly  due  to  the  adverse  conditions  in  the  infested  areas  that  have 
been  described.  It  is  very  noticeable  that  the  work  of  the  parasites 
in  hanging  squares  was  considerable.  It  ranged  in  Texas  from  46  to 
54  per  cent.  That  is,  nearly  half  of  the  weevil  stages  found  in  hang- 
ing squares  were  destroyed  by  natural  enemies. 

The  work  of  the  year  added  several  species  to  the  list  of  known 
insect  enemies  of  the  boll  weevil.  The  list  now  includes  49  forms, 
of  which  26  are  parasites  in  the  true  sense — that  is,  dependent  upon 
the  boll  weevil  for  furnishing  food  for  their  young,  because  their 
eggs  are  deposited  upon  the  weevil — and  23  are  predatory  species, 
which  merely  devour  the  boll  weevil  but  do  not  deposit  their  ^gs 
upon  or  in  it. 

IMPORTANT  ADVANCE   IN  THE   CONTROL  OF  THE   BOLL  WEEVIL. 

During  the  season  of  1909  a  noteworthy  advance  was  made  in  the 
control  of  the  boll  weevil  by  means  of  a  poison.  The  credit  for  this 
achievement  belongs  to  Mr.  Wilmon  Newell,  of  the  State  Crop  Pest 
Commission  of  Louisiana.  In  experiments  with  Paris  green  for  the 
destruction  of  the  boll  weevil,  carried  on  in  previous  seasons,  it  was 
found  that  a  certain  number  of  the  insects  was  killed.  It  occurred 
to  Mr.  Newell  that  the  number  reached  by  the  poison  could  be 
increased  greatly  if  a  substance  much  finer  than  Paris  green  could  be 
obtained.  Arsenate  of  lead  was  the  poison  that  was  selected.  Very 
large  quantities  of  arsenate  of  lead  may  be  applied  to  growing  plants 
without  any  injury  whatever.  In  the  use  of  Paris  green  the  pres- 
ence of  a  small  amount  of  free  arsenic  causes  considerable  dami^ 
to  cotton  plants  if  it  is  appUed  at  the  rate  of  as  Uttle  as  5  pounds  per 
acre.  Mr.  Newell  succeeded  in  having  an  entirely  new  form  of 
arsenate  of  lead  made  by  one  of  the  manufacturers  of  insecticides. 
The  substance  is  an  exceedingly  fine  powder  that  can  be  forced  into 
the  ''buds"  and  even  into  the  covering  of  the  squares  of  the  cotton 
plant  to  a  far  greater  extent  than  a  comparatively  coarse  powder 
like  Paris  green.    The  preparation  of  this  form  of  arsenate  of j  lead 
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consequently  obviated  two  important  difficulties  that  attended  the 
use  of  Paris  green;  that  is,  the  danger  of  burning  the  plants  by  large 
appUcations  and  the  difficulty  in  forcing  the  substance  into  the  parts 
of  the  plants  where  it  would  be  taken  up  by  the  insect.  Thus  the 
foundation  was  laid  for  very  greatly  increasing  the  mortaUty  that 
had  previously  been  obtained  from  the  use  of  another  poison. 

In  1909  the  State  Crop  Pest  Comimssion  of  Louisiana  had  thirteen 
experiments  with  powdered  arsenate  of  lead,  located  at  different 
places,  comprising  over  46  acres.  The  poison  was  applied  at  from  1 
pound  to  51  pounds  per  acre.  In  different  experiments  from  one  to 
ten  applications  were  made.  In  all  but  one  of  these  experiments  an 
mcreased  crop  was  obtamed  that  resulted  in  a  profit,  after  deducting 
the  expense  incurred,  which  varied  from  a  few  cents  to  $23  per  acre. 
In  the  one  experiment  which  did  not  result  in  a  net  profit  an  increased 
yield  of  121  pounds  of  seed  cotton  per  acre  was  obtained.  The  very 
large  amount  of  poison  used  in  this  case  (51  pounds  per  acre)  involved 
such  an  expense  that  this  increased  yield  was  not  sufficient  to  offset 
it.  In  the  experiments  in  which  from  10  to  23  pounds  of  the  poison 
per  acre  were  used  in  from  five  to  seven  applications,  the  net  profit 
ran  from  $3.63  to  $23.54  per  acre.  The  most  profitable  amount  of 
the  poison  to  be  used  seems  thus  to  be  indicated,  although  the  con- 
clusions from  the  preliminary  work  may  be  changed  as  the  result  of 
future  investigations. 

It  is  important  to  note  that  the  very  encouraging  results  obtained 
by  Mr.  Newell  were  in  experiments  in  which  the  application  of  the 
poison  was  made  either  by  one  of  his  representatives  or  under  this 
representative's  directions.  A  large  part  of  the  efficiency  of  pow- 
dered arsenate  of  lead  seems  to  be  due  to  the  thoroughness  of  the 
application.  It  is  therefore  to  be  supposed  that  under  the  practical 
conditions  obtaining  on  plantations  it  may  not  be  possible  to  obtain 
as  successful  results  as  those  in  some  of  the  experiments  described. 

It  does  not  detract  from  the  high  value  of  Mr.  Newell's  discovery 
to  state  that  all  the  experiments  that  have  been  performed  indicate 
most  clearly  that  powdered  arsenate  of  lead  is  not  an  absolute  specific 
for  the  weevil  in  the  sense  that  it  can  be  reUed  upon  to  the  omission 
or  n^lect  of  other  means  of  control.  The  early  fall  destruction  of 
the  cotton  plants  is  undoubtedly  a  condition  necessary  to  the  suc- 
cessful use  of  the  poison.  Likewise,  the  other  steps  in  the  system  of 
control  advocated  by  the  Bureau  of  Entomology  are  not  minimized  by 
the  importance  of  the  present  discovery.  At  most  the  poison  merely 
places  another  means  of  control  at  the  command  of  the  planter. 
Everything  indicates  that  it  will  be  an  important  means.  The  system 
of  control  in  use  has  been  to  a  certain  extent  a  combination  of  expe- 
dients for  avoiding  damage  rather  than  of  ways  of  actually  killing  the 
weevils.    In  fact,  the  early  fall  destruction  of  the  weevils  by^buming 
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the  plants  has  been  the  only  important  and  generally  applicable 
direct  means  at  the  command  of  the  planter.  Powdered  arsenate  of 
lead  is  especially  important  as  a  direct  means  of  killing  weevils  that 
may  be  appUed  at  a  season  in  which  hitherto  no  important  means  of 
a  direct  nature  have  been  available.  Extensive  work  that  is  now 
being  planned  it  is  hoped  will  lead  to  definite  recommendations  as  to 
the  procedure  to  be  followed  in  the  use  of  the  poison  for  the  greatest 
possible  profit  under  various  conditions. 

The  most  important  difficulty  that  is  likely  to  be  encountered  in 
the  use  of  powdered  arsenate  of  lead  against  the  boll  weevil  is  the 
possible  deleterious  effect'  of  the  poison  in  the  soiL  Recent  investi- 
gations conducted  in  orchards  in  Colorado  where  spraying  of  arsen- 
icals  has  been  practiced  for  many  years  seem  to  indicate  that  a  con- 
siderable amount  of  damage  has  resulted  from  the  arsenic  that  has 
become  lodged  in  the  soil  near  the  bases  of  the  trees.  In  fact,  Prof. 
W.  P.  Headden  beUeves  that  in  addition  to  the  caustic  effect  of  the 
arsenic  on  the  roots  of  the  trees  there  is  a  probability  that  damage  is 
done  the  plants  by  absorption.  At  any  rate,  cases  have  been  observed 
where  the  general  health  of  the  trees  seems  to  have  been  affected  in 
such  a  manner  as  would  only  seem  likely  to  result  from  absorption. 
Although  this  matter  is  by  no  means  fully  understood  at  this  time, 
it  will  be  necessary  to  investigate  carefully  the  possibility  of  injuri- 
ous effects  on  cotton  lands  from  repeated  annual  appUcations  of 
such  large  quantities  of  powdered  arsenate  of  lead  as  were  found  to 
be  profitable  in  the  experimental  work  in  controlling  the  boll  weevil. 
If  the  cumulative  effect  of  these  appUcations  is  at  all  considerable, 
the  use  of  the  poison  can  not  be  advised.  At  the  same  time  there  is 
a  possibiUty  that  something  may  be  done  in  the  counteracting  of  the 
possible  deleterious  effects  of  arsenate  of  lead  by  the  apphcation  of 
some  material  with  the  fertilizers. 

Approved: 

James  Wilson, 

Secretary  of  Agriculture. 
Washington,  D.  C,  April  1,  1910, 
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METHODS  OF  CONTROLLING  TOBACCO  INSECTS. 

By  A.  C.  Morgan, 
Agent  and  Expert. 

INTRODUCTION. 

Investigation  by  the  Bureau  of  Entomology  of  the  United  States 
Department  of  Agriculture  of  insects  affecting  tobacco  has  been  in 
progress  in  the  '*dark  tobacco"  districts  of  Kentucky  and  Tennessee 
since  July,  1907. 

In  the  work  in  Tennessee  the  Bureau  of  Entomology  has  had  the 
hearty  cooperation  of  the  Ten- 
nessee agricultural  experiment 
station  and  of  its  director,  Prof. 
H.  A.  Morgan.  During  the  sum- 
mers of  1908  and  1909  Professor 
Morgan  assigned  a  student,  Mr. 
D.  C.  Parman,  of  the  University 
of  Tennessee,  as  an  assistant  to 
the  Federal  agent  in  charge  of 
the  tobacco-insect  investigations. 
The  writer  wishes  to  express  his 
thanks  to  Professor  Morgan  for 
the  personal  advice  received  from 

him  and  for  this  valuable  COOpera-      Fig.  l.—Agrotis  ypnUm,  one  of  the  tobacco  cut^ 
{IqjI  worms:  a,  Larva;  6,  head  of  same;  c,  adult. 

*  ,  .         .  11      .  Natural  site.    (From  Howard.) 

In  this  investigation  all  in- 
sects found  affecting  tobacco  have  been  studied,  but  particular 
attention  has  been  given  to  the  different  species  of  cutworms,  to 
the  tobacco  flea-beetle  (Epitrix  parvula  Fab.),  and  to  the  tobacco 
homworms  (Phlegethontius  sexta  Job.  and  P.  quiriquemacuUitallaw,), 
In  this  particular  circular  only  the  insects  mentioned  above  are 
considered.    Although   the  investigation  has  not  been  completed, 
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it  is  thought  that  a  description  of  remedies  already  in  use,  with 
the  addition  of  those  discovered  during  the  investigation,  may  be 
of  value  to  the  growers. 

It  should  be  stated  that  the  remedies  herein  treated  will  apply  not 
only  to  Kentucky  and  Tennessee,  but  should  apply  equally  as  well  to 
all  tobacco-growing  States  which  do  not  border  on  the  Gulf. 

CUTWORMS. 

Tobacco  is  frequently  very  seriously  injured  by  various  species  of 
cutworms,  of  which  two  common  species  are  illustrated  in  figures  1 

and  2.  It  is  the 
common  experi- 
ence of  all  farm- 
ers that  cut- 
worms are  the 
most  abundant 
and  injurious  on 
land  that  has 
been  left  uncul- 
tivated for  some 
time  previous  to 
being  planted  to 
a  certain  crop. 
Where  tobacco 
follows  clover 
serious  injury 
from  these  pests 
is  likely  to  re- 
sult. On  the 
other  hand,  if 
winter  grain  pre- 
cedes tobacco  very  little  injury  is  likely  to  occur.  However,  if  tobacco 
is  to  follow  a  clover  sod  it  is  a  simple  matter  to  rid  the  soil  of  these 
*'  worms.''  If  it  is  possible  to  do  so,  the  sod  should  be  plowed  under  in 
the  fall  orwinter  and  be  kept  free  of  vegetation  by  disking  orharrowing. 
Thus  by  keeping  the  field  free  of  vegetation  the  cutworms  will  be 
starved  to  death  before  the  time  for  setting  the  tobacco.  When  sod  land 
is  plowed  only  a  short  time  before  setting  the  tobacco,  a  trap  bait  may 
be  used  to  rid  the  field  of  the  worms.  In  Farmers'  Bulletin  No.  120" 
Dr.  L.  O.  Howard  recommends  thoroughly  spraying  a  patch  of  weeds 
or  clover  with  Paris  green,  then  cutting  it  and  dropping  it  in  little 
bunches  here  and  there  throughout  the  field.  Another  trap  bait  that 
meets  with  wide  favor  is  also  recommended  by  Doctor  Howard.*'     It 

o  Farmers'  Bulletin  ^'o.  120,  United  States  Department  of  Agriculture,  p.  23, 1900. 
6  Loc.  cit.  ^  ^ 
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Fig.  2.— A  tobacco  cutworm  (Pmdroma  margarUosa):  a,  Moth;  b,  normal 
form  of  larva,  side  view;  e,  same,  In  curved  position;  d,  dark  form  of  larva, 
from  above;  e,  egg,  from  side;  /,  egg  mass  on  twig.  All  natural  size  except  e, 
which  is  greatly  enlarged .    ( From  Howard . ) 
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consists  of  1  pound  of  Paris  green  mixed  with  50  to  75  pounds  of  bran, 
sweetened. with  molasses  and  moistened  with  water  to  make  a  mash. 
This  should  be  dropped  about  the  field  three  or  four  days  before  the 
plants  are  set,  or  two  or  three  teaspoonfuls  should  be  dropped  about 
each  hill  aftei  the  plants  are  set.  The  cutworms  are  very  fond  of  the 
sweetened  mash  and  will  generally  eat  it  in  preference  to  the  plants. 
If  seed  beda  should  become  infested  with  cutworms,  the  bran  mash 
may  be  drilled  through  the  bed  and  the  ravages  of  the  worms  will  be 
stopped.  When  trap  baits  are  used  great  care  should  be  exercised 
in  keeping  all  live  stock  and  barnyard  fowls  out  of  tlie  field  until  the 
poisoned  materials  have  been  worked  into  the  soil. 

In  the  spring  of  1908  the  writer  applied  an  arsenate  of  lead  spray 
(made  at  the  rate  of  1  pound  of  arsenate  of  lead  in  paste  form  to  12 
gallons  of  water)  to  a  plant  bed  that  was  seriously  infested  with  cut- 
worms, with  the  result  that  all  the 
cutworms  were  killed  before  they  \ .. 

had  done  any  appreciable  addi-         ^       r^^C^il  \ 
tional  injury  to  the  plants.  ^[^         ^  kMb^N 

THE  TOBACCO  FLEA-BEETLE.  iJ 

{Epitrix  parvula  Fab.) 

The  tobacco  flea-beetle  (Epitrix 
parvula  Fab.)  (fig.  3)  is  known 
also  by  the  common  names  of 
''tobacco  flea"  and  '^flea-beetle.'^ 
It  may  be  found,  from  setting 
time  until  frost,  in  more  or 
less  injurious  numbers  in  every 
tobacco  field  in  the  United  States. 
The  most  injurious  outbreak  on 
record  occurred  in  the  '*dark  tobacco"  districts  of  Kentucky 
and  Tennessee  in  the  spring  of  1907.  Nearly  all  plant  beds, 
except  those  tightly  canvased,  were  devastated.  Practically  all  the 
first  sowing  was  destroyed  and  in  many  cases  the  second  and  third 
also.  In  consequence  the  acreage  was  reduced  15  to  20  per  cent,  and 
owing  to  the  fact  that  the  crop  as  a  whole  was  set  much  later  than 
usual  an  additional  loss  resulted.  Late-set  tobacco  does  not  produce 
the  same  number  of  pounds  as  the  early-set  tobacco,  and  because  of 
the  lateness  of  harvesting  and  the  near  approach  of  cool  weather  this 
tobacco  frequently  cures  poorly  and  is  graded  lower  than  tobacco 
that  is  harvested  earher  in  the  season.  The  loss  in  Kentucky  and 
Tennessee  in  1907  was  not  far  from  $2,000,000. 

The  tobacco  flea-beetle  passes  the  winter  in  the  adult  stage  in  piles 
of  dead  leaves  or  dead  grass  in  the  woods,  or  in  ferjic^^c^rners  and 


Fig.  3.— The  tobacco  flea-1)eetlo  ( J?pi/riz  parvula): 
a,  Adult  beetle:  b,  \&rv&,  side  view;  c,  head  of 
larva;  d,hind  leg  of  same;  e,  anal  segment  of  same; 
/,  pupa,  a,  h,f.  Enlarged  about  15  times;  c,  d,  e, 
more  enlarged.    ( From  Chittenden.) 
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similar  localities.  The  beetles  begin  to  emerge  from  hibernation  in 
Kentucky  and  Tennessee  in  March,  generally  about  the  time  the  young 
tobacco  plants  are  appearing  in  the  plant  beds.  The  young  and 
tender  plants  furnish  a  favorite  food  for  the  beetles,  and  unless  the 
beds  are  well  protected  by  canvas  considerable  damage  is  sure  to 
result.  The  flea-beetle  also  seriously  injures  tobacco  in  the  field. 
The  writer  has  observed  fields  where  numbers  of  plants  were  killed 
by  its  ravages.  The  young  leaves  were  riddled  with  holes  (fig.  4)  and 
new  foUage  was  completely  devoured  as  fast  as  it  appeared. 

The  tobacco  flea-beetle  occurs  upon  many  species  of  solanac^ous 
plants,  as  it  has  been  found  feeding  upon  tomato,  potato,  horse  nettle, 
ground  cherry,  and  *'jimson  weed"  {Datura  stramonium).  It  lays  its 
eggs  on  or  near  the  base  of  the  stems  of  these  plants  and  also  upon 
the  stems  of  young  tobacco  plants.  The  principal  injury  to  tobacco 
is  occasioned  by  the  feeding  of  the  adults  upon  the  foliage,  although 


Fio.  4.— Leaf  of  young  tobacco  plant,  showing  work  of  the  tobacco  flea-beetle.    (Original.) 

the  larvae  occasionally  do  considerable  damage  to  the  young  plants 
by  feeding  upon  tlie  roots  and  stems." 

PREVENTIVE   MEASURES. 

Properly  canvased  beds  escaped  uninjured  in  1907.  Only  whole, 
strong  canvas  should  be  used,  with  boards  or  straight  logs  for  the 
sides  of  the  bed,  banking  up  the  earth  3  or  4  inches  against  the  sides 
so  that  no  holes  are  left  beneath  the  logs,  and  fastening  the  canvas 
closely  and  securely  to  the  sides.  Beds  canvased  in  this  way  will 
not  sufl'er  from  flea-beetle  attack. 

a  The  biology  of  this  insect  has  been  carefully  worked  out  by  Dr.  F.  H.  Chittenden 
in  Bulletin  No.  10,  of  this  office,  pp.  79-82,  and  in  Bulletin  No.  19,  pp.  85-87. 
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REMEDIAL   MEASURES. 

Even  though  flea-beetles  do  gain  access  to  the  plant  beds  in  great 
numbers  they  can  be  controlled  economically.  Nearly  all  the  severe 
loss  of  1907  could  have  been  averted  had  the  growers  known  the 
proper  remedy  to  apply.  The  writer  has  found  the  following  insecti- 
cide very  efficient  in  killing  the  beetles  and  not  at  all  injurious  to 
the  plants: 

Arsenate  of  lead  (in  paste  form,  or  i  pound  powdered  form) .pound . .  1 

Water gallons. .  12  to  16 

Mix  the  arsenate  of  lead  thoroughly  in  a  small  quantity  of  water, 
pour  into  the  tank,  and  add  sufficient  water  to  make  the  desired 
quantity;  then  apply  to  the  bed  with 
a  spray  pump  until  every  leaf  is  thor- 
oughly dampened.  Two  very  good 
spray  pumps  are  illustrated  in  figures  5 
and  6.  If  a  heavy  rain  falls  soon  after 
the  appUcation  is  made  it  may  be  neces- 
sary to  make  a  second  application;  but 
it  must  be  remembered  that  arsenate 
of  lead  will  stick  to  the  foliage  much 
longer  than  Paris  green,  and  will  not  be 
greatly  dissipated  by  a  light  shower. 
After  the  plants  have  grown  consider- 
ably it  will  be  necessary  to  spray  the 
bed  again  if  flea-beetles  are  still  numer- 
ous, for  the  new  foliage  will,  of  course, 
not  be  protected  by  the  first  applica- 
tion. 

If  flea-beetles  are  very  numerous  at 
the  time  of  setting  tobacco,  the  plants 
can  be  protected  for  several  days  by 
dipping  the  tops,  just  before  setting,  in 
the  arsenate  of  lead  spray  recommended 
for  use  upon  the  plant  bed.  If  plants 
are  not  dipped  at  setting  time  and  if  the 
flea-beetles  appear  in  the  fields  in  inju- 
rious numbers,  apply  the  arsenate  of 
lead,  in  the  strength  recommended  above,  with  a  knapsack  sprayer 
(fiig.  6).  With  this  sprayer  one  man  can  spray  from  5  to  6  acres  of 
young  tobacco  in  a  day  at  a  cost  of  from  25  to  35  cents  an  acre  for 
arsenate  of  lead. 

Tobacco  growers  as  a  rule  pay  too  httle  attention  to  protecting 
their  plant  beds  from  insect  attack.     The  result  is  that  more  of  the 


Fio.  5.— Compressed-air  spray  pump. 
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crop  has  to  be  set  late  than  would  be  the  case  if  the  beds  were  pro- 
tected. The  grower  should  always  be  prepared  to  fight  the  flea- 
beetle,  for  often  prompt  attention  to  insect  attack  upon  the  plant 
bed  will  enable  him  to  save  his  bed  and  thus  be  prepared  to  set  all 
his  crop  early. 

An  early-set  crop  of  tobacco  has  two  very  important  advantages 
over  a  late-set  crop.  The  first  is  the  production  of  a  better  grade 
and  of  more  pounds  to  the  acre,  as  mentioned  above.  The  second 
advantage  is  often  more  important  than  the  first.  An  early-set  crop 
will  frequently,  mature  in  time  to  be  cut  before  the  August  '^shower*' 
of  tobacco  worms  is  large  enough  to  do  it  serious  injury.     This  point 

will  be  explained  more  fully  in  the  fol- 
lowing discussion  of  the  tobacco  horn- 
worms. 

THE  TOBAOOO  HOBNWOBMS. 

{Phlegeihontius   sexta   Joh.   and  PhUgethondm 
quinquemaculata  Haw.) 

In  the  **dark  tobacco''  districts  of 
Kentucky  and  Tennessee  the  horn- 
worms  are  the  most  injurious  tobacco 
insects,  and  they  are  important  enemies 
of  this  crop  in  every  district  in  the 
United  States  where  it  is  grown.  There 
are  two  species,  the  northern  tobacco 
worm  {Phlegeihontius  quinquemcLcvlaia 
Haw.)  and  the  southern  tobacco  worm 
(Phlegeihontius  sexta  Joh . )  (fig.  7 ) .  The 
northern  tobacco  worm  is  called  also  the ''Spanish  worm"  in  Tennessee 
and  Kentucky.  This  ''worm,"  or  larva,  is  in  general  darker  than  the 
southern  tobacco  worm,  but  the  easiest  way  of  distinguishing  the 
two  species  is  by  the  white  markings  on  the  sides  of  the  body.  The 
northern  worm  has  8  V-shaped  markings  on  each  side  of  the  body, 
each  of  which  incloses  a  spiracle,  or  breathing  pore.  The  southern 
worm  has  7  oblique  lines  on  each  side  of  the  body,  each  of  which 
passes  in  front  of  a  spiracle. 

DISTRIBUTION. 

In  general,  as  the  common  names  indicate,  the  northern  worm 
is  most  numerous  in  the  north  and  the  southern  worm  is  most 
numerous  in  the  south.  The  northern  species  is  found  as  far  south  as 
Florida,  though  it  is  rare,  and  the  southern  species  has  been  collected 
in  Canada.  At  Washington,  D.  C,  on  the  authority  of  Dr.  F.  H. 
Chittenden,  the  northern  species  predominates,  while  in  Tennessee 


Fio.  6.— Knapsack  spray  pump. 
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the  southern  species  is  much  the  most  abundant.  These  two  species 
are  so  nearly  alike  in  their  work,  life  history,  and  seasonal  history  that 
the  remedial  measures  which  apply  to  one  will  apply  equally  well  to 
the  other.  The  life  history  and  seasonal  history  notes  given  in  this 
article  are  from  observations  upon  the  southern,  species  iPhlege- 
thontius  sexta  Joh.). 


LIFE    HISTORY   AND    SEASONAL   HISTORY. 

This  circular  does  not  propose  to  describe  in  detail  the  life  history 
and  seasonal  history  of  the  tobacco  worms,  but  to  give  only  such  data 


Fio.  7.— The  Southern  tobacco  hornvronn  {Phlegethontius  sexta):  a,  Adult;  6,  larva;  e,  pupa.    (From 

Howard.) 

as  are  necessary  for  the  proper  understanding  of  the  reasons  for 
recommending  certain  methods  of  control. 

The  tobacco  moths  begin  to  emerge  from  hibernation  about  June 
1,  and  in  a  few  days  more  they  begin  to  deposit  eggs.  By  reference 
to  Table  I  it  will  be  seen  that  the  eggs  hatch  in  about  4  days,  and  that 
the  '^  worms, "  or  larvae,  in  from  19  to  20  days,  pass  through  five  stages 
of  growth.  They  then  enter  the  soil  to  pupate  (fig.  8).  Those  that 
pupate  not  later  than  the  last  week  of  July  will  emerge  in  about  three 
weeks  as  adult  moths  of  the  second  generation,  and  will  commence 
40704— Cir.  123—10 2 
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depositing  eggs  in  3  or  4  days.  Tiiose  that  pupate  after  the  10th  of 
August  will  usually  hibernate,  and  will  not  emerge  as  adult  moths 
until  the  following  year.     It  is  not  until  the  third  stage  of  growth — 


Fig.  8.— Hibernation  of  Southern  tobacco  hornworm:  c,  Pupa  in  hibernating 
cell  in  soil,  at  the  depth  at  which  pupation  usually  takes  place  in  the  stifler 
soils;  a,  cross  section  of  pupal  cell  viewed  from  below;  b,  pupal  cell  showing 
entrance  hole  of  larva  or  "  worm."    Two-thirds  natural  site.    (Original.) 

that  is,  about  10  to  12  days  after  the  eggs  are  deposited — that  the 
larvae  injure  tobacco  seriously.  In  the  fourth  (fig.  9)  and  fifth  stages 
one  hxrva  will  ruin  a  small  leaf  of  tobacco  in  a  single  day. 
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Table  L — Average  length  of  different  stages  in  life  history  of  the  southern  tobacco 
homworm  (Phlegethontius  sexto). 


Emer- 
gence 

of 
moth 
toovi- 
posi- 
lion. 

Incu- 
bation 
period. 

Instars,  or  stages,  In  growth  of  lan^a. 

1 

First. 

Second. 

Days. 
3 

t 
Third.  Fourth. 

Fifth. 

Total     T>,,^«i  1  Total 

1»^'*1  ^£d  '    "f« 

period.  ^^^^' .  cycle. 

1              ' 

Day:     Day*. 

Days. 
3 

Days.     Days. 
3    1      4- 

Days. 
6.5 

Days. 
19.5 

Days,  i  Days. 

The  tobacco  moths,  as  has  already  been  stated,  begm  to  emerge 
from  hibernation  about  June  1,  or  slightly  earlier,  and  the  emergence 
continues  until  the  middle  of  August  or  later.  From  Table  I  we  see 
that  48  days  after  the  emergence  of  the  moths  from  hibernation  the 
moths  of  the  second  generation  will  become  adult,  and  that  in  4  days 
more  they  will  begin  to  deposit  eggs.  These  eggs  will  hatch  in  4 
days,  and  in  6  or  7  days  more — that  is,  in  about  two  months  from  the 
emergence  of  the  first  moths  from  hibernation — the  larvae  of  the 
second  generation  will  pass  into  the  third  instar,  the  instar  in  which 
they  begin  to  injure  tobacco  seriously.  For  example,  let  us  take  4 
moths  that  have 
emerged  from  hi- 
bernation on  the 
following  dates: 
June  1,  June  15, 
July  1,  and  July 
15.  The  second 
generation  of  to- 
bacco worms,  the  progeny  of  these  moths,  will  begin  to  injure 
tobacco  seriously  about  August  1,  August  15,  September  1,  and 
September  15,  respectively. 

Although  moths  of  both  the  first  and  second  generations  are 
depositing  eggs  during  late  July  and  in  August,  we  will  show  later 
that  by  far  the  greater  percentage  of  them  has  just  emerged  from 
hibernation,  and  belongs,  therefore,  to  the  first  generation.  This 
fact  has  a  very  important  bearing  upon  the  recommendation  of  fall 
plowing. 

Tobacco  worms  begin  to  enter  the  soil  to  pass  the  winter  (i.  e., 
hibernate)  about  the  middle  of  August,  and  continue  doing  so  until 
frost.  Usually  they  penetrate  the  soil  to  a  depth  of  from  3  to  6 
inches.  Several  observations  upon  "second  bottom^'  soils  of  the 
Cumberland  River  have  shown  the  average  depth  to  be  4  inches;  that 
is,  to  nearly  the  greatest  depth  to  which  the  land  was  plowed  in  pre- 


Fio. 9.— The  Southern  tobacco  homworm:  Larva,  fourth  instar.   Natural 
size.    (Original.) 


Note. — For  the  purposes  of  this  article  the  date  of  ovi position  may  be  considered  as 
taking  place  at  any  time  from  June  1  to  July  15,  for  there  will  not  be  a  secondgenera- 
tion  from  eggs  deposited  after  the  latter  date. 
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paring  it  for  the  tobacco  crop.  After  the  larvse,  or  ** worms,"  have 
reached  this  depth  they  twist  and  turn  many  times,  finally  forming: 
by  this  action  oval  cells,  in  which  in  a  few  days  they  transform  to  the 
hibernating  form,  or  pupse  (fig.  8).  The  cells  protect  the  pupa?  much 
better  from  changes  in  the  weather  conditions  than  if  the  soil  were 
lying  in  close  contact  to  them.  The  insects  remain  as  pupse  in  the 
cells  during  the  winter  and,  as  has  been  stated,  begin  to  emerge  about 
the  1st  of  the  following  June  as  adult  moths  ready  to  deposit  eggs 
upon  tobacco. 

EMERGENCE    OP  THE   SOUTHERN   TOBACCO   HORNWORM   FROM    HIBERNATION. 

Careful  records  of  the  emergence  from  hibernation  of  the  motlis  of 
the  southern  tobacco  worm  (PMegethontius  sexto)  were  kept  during 
the  seiisons  of  1908  and  1909  with  very  interesting  results.  In  1908 
the  emergence  began  about  the  last  of  May  and  continued  until 
August  13.  In  1909  the  emergence  began  June  1  and  continued 
until  August  22,  a  period  of  83  days.  The  records  of  1908  were  from 
an  emergence  of  58  moths.  The  records  of  1909  were  taken  from  an 
emergence  of  1,667  moths,  and  are,  therefore,  of  more  value  than  the 
records  of  1908.  The  most  interesting  part  of  the  data  is  the  fact 
that  in  both  years  a  large  percentage  of  the  moths  issued  after  mid- 
summer. Table  II  shows  the  most  important  data  obtained  from 
the  emergence  records. 

Table  II. — Record  of  emergence  of  tobacco  moths  from  hibernation. 

Emergence  Emergence 

Period  of  emergence.  I     durmg     J  Period  of  emergence.  during 

'     period.      I  period. 


1908.« 

June  1  to  July  15 

July  16  to  August  13... 

July  21  to  July  31 

July  21  to  August  13... 


Percent.     •  1909.6  Percent. 


34.5  I  Junel  to  July  15. 

65. 5  I  July  16  to  August  'i2. 

52  I  July  29  to  August  9... 

63. 8  July  29  to  August  2.'., 


22.7 
77.3 
50 
59 


a  Emergence  began  about  June  1.  ^  Emergerice  began  June  1. 

From  Table  II  it  will  be  seen  that  there  was  a  lai^e  wave  of 
emergence  in  1908  in  the  11  days  from  July  21  to  July  31,  inclusive, 
and  that  52  per  cent  of  the  total  emergence  took  place  during  that 
period.  The  record  further  shows  that  aft^r  July  15,  5  per  cent  of 
the  total  emergence  took  place.  In  1909  the  results  were  very 
similar.  The  large  wave  of  emergence  took  place  during  the  1 1  days 
from  July  29  to  August  9,  inclusive,  and  77.3  per  cent  of  the  emer- 
gence occurred  after  July  15. 

REMEDIAL   MEASURES. 

It  has  been  the  belief  that  the  larger  percentage  of  the  tobacco 
worms  that  appear  in  late  July  and  in  August  and  September  are  of 
the  second  generation.     This  is  not  true,  for  nearly 
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that  appear  before  the  middle  of  July  are  killed  by  hand  worming, 
and  we  have  already  shown  by  means  of  the  life-history  records  that 
it  will  be  two  months  from  the  emergence  of  the  hibernating  genera- 
tion before  the  ** worms/'  or  larvae,  of  the  second  generation  will  be 
large  enough  to  injure  tobacco  seriously. 

The  statement  has  been  frequently  made  to  the  writer,  and  personal 
observation  has  convinced  him  of  its  truth,  that  no  difficulty  is  experi- 
enced in  keeping  tobacco  free  of  worms  by  hand  worming  until  the 
middle  of  July  or  later.  Therefore,  if  tobacco  is  not  injured  by 
worms  until  after  the  middle  of  July,  the  conclusion  is  that  until  that 
date  very  few  large  tobacco  worms  have  escaped  hand  worming  and 
that  the  second  generation  from  those  that  have  escaped  will  be  a 
very  small  one.  By  far  the  greater  portion  of  tobacco  worms  that  appear 
in  late  July  and  in  AugvM  are  the  offspring  of  moths  that  have  emerged 
frorm,  hibernation;  for  the  second  generation  of  worms,  the  offspring 
from  those  worms  that  mature  after  July  15  will  not  be  of  sufficient 
size  to  injure  tobacco  seriously  until  about  September  15.  If  tobacco 
has  been  set  early  the  crop  will  be  ready  for  the  bam  by  this  date 
and  will,  therefore,  escape  the  second  generation  of  worms. 

FALIi   AND   WINTER   PLOWING. 

Numerous  experiments  in  1907,  1908,  and  1909  have  demonstrated 
that  as  a  rule  only  about  one-fourth  of  the  tobacco  worms  that  hiber- 
nate are  able  to  survive  the  winter  and  become  adult.  A  part  of  the 
mortality  is  due  to  parasites,  but  a  greater  part  of  it  is  due  to  the 
unfavorable  weather.  The  hibernating  period  is,  therefore,  a  very 
critical  period  in  the  seasonal  history  of  the  tobacco  worm,  and  many 
of  those  that  do  survive  this  period  must  be  greatly  weakened. 
Hence,  any  artificial  disturbance  of  natural  conditions  will  produce 
an  additional  mortality.  As  has  been  stated,  the  hibernation  period 
is  passed  in  the  pupal  stage  in  an  oval  cell  (fig.  8),  about  4  inches  below 
the  surface  of  the  soil. 

The  most  simple  method  of  disturbing  the  pup»  during  hibernation 
is  to  disk  or  plow  the  land.  Both  methods  were  tried.  It  was  found 
that  the  disk  would  reach  only  from  5  to  10  per  cent  of  the  cells,  and 
that  therefore  little  benefit  could  be  derived  from  that  treatment. 
The  experiments  in  plowing  the  land  MUed  more  than  half  the  pupae 
that  would  otherwise  have  parsed  the  winter  successfully.  The  ground 
should  be  plowed  to  the  same  depth  as  it  was  in  preparing  it  for 
tobacco,  for  many  of  the  tobacco  worms  will  go  down  to  the  hard 
soil  to  form  the  hibernating  cell,  that  is,  to  the  greatest  depth  to 
which  the  soil  has  been  broken.  Plowing  will  throw  the  pupae  and 
the  cells  up  to  or  near  to  the  surface,  will  break  the  cells  in  nearly  all 
cases,  and  will  place  the  pupae  in  close  contact  with  the  earth,  in 
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which  condition  they  are  most  susceptible  to  changes  in  temperature 
and  to  other  climatological  changes. 

A  week  or  ten  days  should  elapse  between  the  time  of  cutting  the 
tobacco  and  the  plowing  of  the  land,  in  order  to  give  all  larvse  that 
are  in  the  soil  time  to  change  to  the  more  helpless  pupal  stage.  Plow- 
ing should  be  done  as  soon  thereafter  as  possible,  so  that  the  pup» 
will  be  exposed  as  long  as  possible  to  unfavorable  conditions. 

It  is  the  practice  in  many  localities  of  Kentucky  and  Tennessee  to 
disk  the  land  that  has  been  in  tobacco  in  preparation  for  the  wheat 
that  is  usually  sowed  after  the  tobacco  crop  has  been  harvested.  In 
some  localities  it  is  thought  that  disking  tobacco  land  is  a  better 
preparation  than  plowing,  for  the  reason  that  plowing  loosens  up 
the  soil  too  deeply  and  that  the  wheat  will  freeze  out  more  easily. 
Undoubtedly  this  may  be  true  for  some  soils,  that  is,  soils  that  con- 
tain little  clay  and  do  not,  therefore,  run  together  very  compactly. 
There  is,  however,  a  large  proportion  of  clayey  soils  in  the  Tenne^ee 
and  Kentucky  tobacco  regions  in  which  wheat  should  not  freeze  out 
easily.  In  fact,  many  farmers  always  plow  their  tobacco  land  in 
preparing  it  for  wheat  because  they  believe  they  obtain  a  better 
yield.  Whether  it  is  wise  or  not  to  plow  tobacco  land  for  wheat  is  a 
question  that  each  farmer  must  decide  for  himself.  But  it  is  certain 
that  plowing  will  cause  the  death  of  more  than  half  the  pupae,  while 
disking  will  kill  very  few.  Upon  the  looser  soils  it  would,  perhaps, 
be  better  to  change  the  rotation  and  to  sow  some  crop  other  than 
wheat  after  tobacco. 

COMBATINO  TOBACCO   HORN  WORMS   UPON   GROWING  TOBACCO. 

If  tobacco  is  planted  early  the  hand  worming,  necessary  to  kill  all 
worms  that  appear  before  the  large  emergence  wave  in  late  July 
(Table  II),  can  be  made  incidental  to  other  processes  in  the  growing 
of  tobacco,  and  will  require  very  little  additional  time  and  labor. 
Usually,  in  addition  to  the  cultivation  with  farm  implements,  tobacco 
will  receive  the  following  attention:  Two  hoeings,  hilling,  priming, 
and  topping,  and  much  of  the  early  tobacco  will  be  suckered.  During 
these  necessary  operations  it  is  very  easy  to  discover  and  to  kill  the 
few  tobacco  worms  that  have  appeared,  but  when  the  large  wave  of 
emergence  appears,  hand  worming  will  be  found  very  costly,  and  in 
some  localities  impossible  because  of  the  scarcity  of  labor. 

When  tobacco  worms  are  numerous  it  will  require  an  outlay  of  at 
least  $8  to  $10  an  acre  to  hand-pick  the  worms,  and  frequently  the 
outlay  will  exceed  $10  an  acre. 

Use  of  Paris  green. — After  the  appearance  of  the  July  and  August 
** shower  of  worms''  an  application  of  Paris  green  with  a  dust  gun 
(fig.  10)  will  be  found  to  be  the  most  economical  means  of  combat. 
In  Tennessee  and  Kentucky  Paris  green  is  generally  applied  without 
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a  carrier,  but  the  writer  prefers  to  mix  it  with  twice  its  weight  of 
finely  powdered  air-slaked  lime,  for  when  the  application  is  made 
without  a  carrier  the  cloud  of  dust  from  the  nozzle  of  the  dust  gun 
is  so  thin  that  it  is  impossible  to  determine  whether  the  application  is 
being  made  evenly.  On  the  other  hand,  if  the  Paris  green  is  mixed 
with  about  twice  its  weight  of  lime,  the  cloud  of  dust  from  the  nozzle 
will  always  show  whether  the  gun  is  working  properly,  and  a  clogging 
of  the  tubes  can  be  discerned  instantly.  Apply  the  dust  early  in  the 
morning  when  the  dew  is  upon  the  plants  and  when  there  in  no  breeze. 


Fio.  10.— Applying  Paris  green  to  to])aoco  with  a  dust  gun.    (Original.) 

Use  a  dust  gun  that  has  a  strong  fan  power,  and  apply  to  only  one 
row  at  a  time.  Great  care  should  be  taken  to  make  tlie  application 
even  and  thorough.  No  definite  date  can  be  given  for  making  the 
first  application.  The  time  will  depend  upon  the  appearance  of  the 
young  tobacco  worms,  and  it  may  be  the  last  week  in  July  or  not 
until  about  the  middle  of  August.  In  1908  and  1909  some  of  the 
early  planted  tobacco  at  Clarksville,  Tenn.,  did  not  require  poisoning, 
and  in  1909  some  of  it  required  almost  no  worming.     The  first  applir 
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cation  should  be  made  within  three  or  four  days  after  the  eggs  b^in 
to  hatch.  A  thorough  appUcation  of  from  three-fourths  of  a  pound 
to  1  pound  to  the  acre  should  be  sufficient  to  kill  the  young  larvae. 
Do  not  wait  until  the  wonns  become  half  grown  before  making  the 
appUcation,  for  in  addition  to  being  very  much  harder  to  kill  than 
the  young  ones,  they  will  do  considerable  damage  to  the  leaves  before 
they  are  killed.  In  dry  weather  a  thorough  application  will  remain 
effective  for  a  week  or  ten  days,  but  if  there  is  a  rain  the  application 
should  be  repeated  immediately.  The  number  of  applications  and 
the  dosage  will  be  influenced  by  weather  conditions — whether  wet 
or  dry — by  the  numbers  of  young  worms  that  appear,  and  by  the 
earliness  or  lateness  of  the  crop.  By  watching  the  effect  of  an  applica- 
tion it  can  be  easily  determined  whether  it  is  losing  its  effectiveness 
and  whether  another  appUcation  is  necessary.  The  presence  of  a  few 
large  worms  does  not  necessarily  mean  that  the  poison  is  ineffective. 
Some  worms  will  escape  the  most  careful  appUcations,  and  these 
should  be  hand  picked.  The  strength  of  the  later  appUcations  upon 
tobacco  that  is  nearly  grown  may  be  increased  to  1,  IJ,  or  even  2 
pounds  to  the  acre. 

Caution, — Do  not  apply  Paris  green  until  two  or  three  days  have 
elapsed  after  suckering,  for  if  a  light  rain  should  wash  the  Paris 
green  into  the  fresh  wounds  made  by  breaking  out  the  sucker,  the 
caustic  effect  of  the  free  arsenic  may  cause  the  leaves  to  drop  off; 
also,  do  not  apply  a  heavy  dose  of  Paris  green  to  tobacco  when  it  is 
beginning  to  **grain,''  for  the  leaves  are  then  more  susceptible  to 
■  ^^Paris  green  bum''  than  they  are  a  few  days  previous  to  ''graining.'' 

Spraying  tobacco  versus  dusting. — In  this  circular  we  have  recom- 
mended dusting  tobacco  instead  of  spraying  for  two  reasons:  First, 
the  labor  of  spraying  is  very  much  greater  than  that  required  to 
apply  the  dust.  When  tobacco  is  nearly  full  grown,  that  is,  has 
begun  to  lap  in  the  row,  it  will  require  from  120  to  150  gallons  of 
water  to  spray  an  acre.  Therefore,  to  apply  the  spray  to  1  acre  a 
5-gallon  knapsack  sprayer  must  be  refiUed  from  24  to  30  times. 
Second,  the  Paris  green  is  not  kept  in  suspension  very  easily  in  a 
knapsack  sprayer  and  the  last  of  the  spray  from  the  tank  is  Ukely  to 
contain  more  than  its  proportion  of  the  Paris  green  and  thus  cause 
injury  to  the  plant.  Furthermore,  if  great  care  is  not  used  in  apply- 
ing the  spray,  a  part  of  the  plant  is  very  likely  to  be  drenched  and 
the  Paris  green  wiU  be  coUected  along  the  midribs  and  in  the  axils 
of  the  leaves  in  sufficient  quantity  to  cause  serious  injury.  It  is  not 
denied  that  a  more  even  and  thorough  appUcation  can  be  made  in 
spray  form,  but  with  negro  labor,  and  with  most  white  labor,  we  do 
not  beUeve  it  will  be  made  as  satisfactorily  as  in  the  dust  form. 

Arsenic  left  upon  tobacco. — There  is  fear  among  growers  that  if 
arsenicals   are   used   a  sufficient   amount   of   arsenip-^may  jbe    left 
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upon  the  cured  tobacco  to  injure  the  user.  This  fear  is  groundless. 
Prof.  H.  Garman,*  state  entomologist  of  Kentucky,  reports  the 
results  of  several  experiments  to  determine  the  amoimt  of  arsenic 
left  upon  treated  tobacco.  Paris  green  was  used  at  the  rate  of 
1  poimd  to  160  gallons  of  water.  The  experimental  row  that  received 
the  greatest  amount  of  Paris  green  received  8  sprayings  with  a  total 
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FiQ.  11.— Applying  Paris  green  to  tobacco  with  a  knapsack  spray  pump.    (Original.) 

of  4J  pounds  to  the  acre.  The  last  spraying  was  made  August  22, 
and  the  tobacco  was  cut  September  4.  Analysis  of  this  tobacco 
showed  0.651  grain  arsenious  oxide  to  the  pound.  In  the  several 
experiments  performed  by  Professor  Garman  only  one  experiment 
gave  more  than  one  grain  of  arsenious  oxide  to  the  pound  of  dried 
tobacco,  and  the  tobacco  in  this  experiment  was  sprayed  the  day  it 


oBul.  63,  Ky.  Agr.  Exp.  Sta.,  pp.  69-74. 
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was  cut.  Professor  Garman  concludes  that  very  little  danger  may 
be  apprehended  from  the  arsenic  left  upon  tobacco.  In  1909  the 
writer  made  several  experiments  to  determine  the  amoimt  of  arsenic 
left  upon  tobacco.  To  make  the  test  severe,  arsenate  of  lead  was 
used  because  this  arsenical  adheres  to  tobacco  much  longer  than 
does  Paris  green.  August  13  the  experimental  plat  received  a  spray- 
ing at  the  rate  of  5  pounds  to  the  acre,  and  on  August  18  a  second 
spraying  at  the  rate  of  4  pounds  to  the  acre.  Arsenate  of  lead  in 
dust  form  was  used,  hence  the  two  dosages,  amounting  to  9  pounds, 
were  almost  exactly  equivalent  in  the  amount  of  combined  arsenic 
to  Professor  Garman's  dosage  of  4J  pounds  of  Paris  green.  The 
tobacco  was  cut  September  8.  The  analysis,  made  by  the  Miscel- 
laneous Division  of  the  Bureau  of  Chemistry,  showed  an  average  of 
0.347  grain  arsenious  oxide  per  pound.  Heavier  dosages  of  powdered 
arsenate  of  lead  left  only  0.501  and  0.531  grain  arsenious  oxide  per 
pound.  A  fatal  dose  of  arsenic  for  an  adult  is  about  two-thirds  of  a 
grain,  and  this,  of  course,  has  to  be  taken  into  the  stomach.  Since 
tobacco  is  not  taken  into  the  stomach,  and  since  so  Uttle  arsenic 
will  be  taken  into  the  mouth  at  any  one  time,  it  is  not  believed  that 
there  is  the  slightest  danger  in  using  tobacco  that  has  been  poisoned 
with  either  Paris  green  or  arsenate  of  lead;  in  fact,  the  writer  is  per- 
sonally acquainted  with  tobacco  growers  who  have  been  applying 
Paris  green  to  their  tobacco  for  from  six  to  eight  years  and  who  have 
been  chewing  and  smoking  the  cured  tobacco  without  injurious 
effects. 

POISONING  THE  TOBACX^O  MOTHS. 

The  custom  of  poisoning  *'jimson"  blooms  with  arsenide  of 
cobalt  (flystone)  to  kill  the  tobacco  moths  when  they  feed  has  long 
been  recommended  and  has  been  practiced  in  nearly  every  tobacco 
region,  but  unfortunately  the  custom  has  fallen  into  disuse.  This 
method  of  combating  tobacco  moths  should  be  revived,  for  the  kill- 
ing of  one  female  moth  at  **  jimson"  blooms  will  be  equivalent  to  the 
killing  of  several  hundred  worms  later. 

The  following  is  the  formula  for  this  poison: 

Arsenide  of  cobalt  (flystone) ounce. .       1 

Water pint. .       1 

Sweeten,  just  before  using,  with  molasses  or  honey.  Place  a  few 
drops  in  each  bloom  late  in  the  afternoon. 

8T7HMABT. 

CUTWORMS. 

1.  Plow  sod  land  in  the  fall  in  preparing  it  for  tobacco  and  keep 
down  all  vegetation  during  the  winter  and  spring.  This  will 
starve  the  cutworms.  r^^^^T^ 
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2.  If  sod  land  has  not  been  treated  as  recommended  above,  use  the 

poisoned  bait  four  or  five  days  before  setting  tobacco,  or  drop 
the  bait  about  each  hill  directly  after  setting  tobacco. 

FLEA-BEETLES. 

3.  Canvas  seed  beds  tightly  with  strong  whole  canvas  and  thus 

prevent  entry  of  the  beetles. 

4.  Spray  infested  beds  with  arsenate  of  lead  at  the  rate  of  1  pound 

paste  form  (or  i  pound  powdered  form)  to  12  gallons  of  water. 

5.  If  flea-beetles  are  very  numerous  at  setting  time  dip  the  tops  of 

the  plants  in  the  arsenate  of  lead  recommended  in  No.  4. 

6.  If  flea-beetles  continue  to  injure  plants  after  setting,  spray  with 

arsenate  of  lead  at  the  strength  given  above. 

TOBACCO   HORNWORMS. 

7.  Nearly  all  the  destructive  late  July  and  August  ''shower'*  of 

worms  is  the  direct  oflFspring  of  tobacco  moths  that  have  issued 
from  hibernation  during  late  July  and  early  August. 

8.  Over  60  per  cent  of  the  hibernating  generation  of  moths  emerge 

from  hibernation  late  in  July  and  in  August. 

9.  Fall  plowing  of  land  that  was  in  tobacco  during  the  year  will 

destroy  more  than  half  of  the  hibernating  generation  and  will 
thereby  reduce  proportionately  the  number  of  tobacco  worms 
that  will  appear  the  next  year  late  in  July  and  in  August. 

10.  Poison  worms  upon  tobacco  plants  by  dusting  with  Paris  green. 

11.  Poison  tobacco  moths  by  placing  a  few  drops  of  arsenide  of 

cobalt  (flystone)  solution  in  "  jimson*'  blooms. 

Approved : 

James  Wilson, 

Secretary  of  Agriculture, 
Washington,  D.  C,  April  18,  1910. 
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THE  SAN  JOSE  SCALE  AND  ITS  CONTROL.^ 

By  A.  L.  QUAINTANCE, 

In  Charge  of  Decidumis  Fruit  Insect  Invest igalions. 
CHABACTER  OF  INJUBT. 

The  San  Jose  or  Chinese  scale  (Aspidiotits  pemiciosus  Comstock) 
mfests  practically  all  portions  of  its  host  plants  that  are  above 
grounds— the  trunk,  limbs,  and  branches — and  when  abundant  it  may 
occur  on  the  leaves  and  fruit.  Injury  results  from  the  extraction,  by 
the  scale  insects,  of  the  juices  of  the  plant.  At  first  this  merely 
checks  growth,  but  as  the  insects  increase  in  number  the  speedy  kill- 
ing of  the  branches  and  twigs  follows,  resulting  finally  in  the  death 
of  the  plants.  In  addition  to  the  extraction,  by  the  scales,  of  sap  as 
food,  the  puncturing  of  the  bark  by  the  slender  sucking  mouth-parts 
results  in  a  diseased  and  often  pitted  condition;  the  inner  bark,  or 
cambium,  showing  a  reddish  discoloration,  as  exposed  m  cutting 
with  a  knife,  and  the  bark  itself  may  crack,  in  stone  fruits  exuding 
drops  or  masses  of  gum.  A  reddening  effect  is  also  much  in  evi- 
dence as  red  rings  around  the  scales  on  the  bark,  es|>ecially  of  the 
apple  and  pear,  and  on  the  fruits  of  these  plants,  though  not  charac- 
teristic of  any  one  scale  species. 

On  peach  the  scales  have  a  tendency  to  infest  to  a  greater  extent 
the  older  limbs  and  branches  than  the  newer  growth,  as  the  wood 
1  year  old.  On  apple  and  pear,  the  terminal  twigs  are  quite  gen- 
erally infested,  and  many  of  the  young  may  find  their  way  to  the 
fruit,  settling  principally  in  the  calyx  and  stem  cavities.  Most 
varieties  of  fruit  trees  and  plants  infested  from  the  nursery,  in 
the  absence  of  treatment,  perhaps  never  reach  fruiting  condition. 

«  An  extended  recent  account  of  this  insect  will  be  found  in  Bulletin  62  of  this 
Bureau,  **The  San  Jose  or  Chinese  Scale,"  by  ('.  L.  Marlatt,  which  may  be  obtained 
of  the  Superintendent  of  Documents,  Government  Printing  Office,  Washington,  D.  ('., 
for  25  cents.     Foreign  applicants  should  send  4  cents  additional  to  cover  postage. 

car.  1241  r^^^^T^ 
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Peach  trees  will  usually  be  killed  in  two  or  three  seasons,  while  |)ear 
or  apple  trees  will  maintain  a  feeble  existence  much  longer.  This 
insect,  on  account  of  its  great  similarity  to  certain  other  species  of 
scale  insects,  may  not  be  positively  determined  except  by  specialists. 
The  occurrence  of  diseased  and  dying  branches  showing  severe  scale 
infestation  furnishes  strong  presumptive  evidence  of  the  presence 
of  this  pest,  but  specimens  of  infested  twigs  should  be  promptly 
submitted  to  a  qualified  person  for  examination. 

The  appearance  of  a  3-year-oId  peach  tree,  presumably  infested 
from  the  nursery,  is  shown  in  figure  1.     The  principal  limbs  have 


Fig.  1.— Appearant-e  of  3-year-old  peach  tree  badly  Injured  by  the  San  Jose  scale  (Aspidiotus  pemicioatu) 
the  larger  branches  having  been  killed.    (Original.) 

already  been  killed,  although  new  shoots  have  developed.  A  tree 
in  this  condition  generally  may  be  saved  by  the  thorough  pruning 
out  of  dead  and  badly  injured  wood  and  subsequently  effecting  the 
control  of  the  scale  by  spraying. 

The  character  of  injury^  to  an  apple  orchard,  in  which  the  trees 
were  infested  from  outside  sources  four  or  five  years  earlier,  is  sho^Ti 
in  figure  2.  Although  many  of  the  limbs  and  branches  are  injured 
or  killed,  such  trees  may  be  saved  and  brought  into  vigorous  condi- 
tion by  thorough  pruning,  and  by  insuring  the  control  of  the  insect 
in  the  future. 
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THE  INSECT  DESCRIBED. 

The  mature  San  Jose  scale  is  small,  grayish  in  color,  circular  in 
outhne,  somewhat  convex,  and  with  a  nipplelike  prominence  in  the 
center.  The  female  scale  is  about  1  millimeter  in  diameter  (about  the 
size  of  a  pin  head) ;  the  male  scale  is  much  smaller  and  elongate.  (See 
fig.  3.)  The  insect  itself  is  beneath  the  so-called  scale,  this  being 
simply  a  waxy  covering  secreted  by  the  soft,  helpless,  yellow  "louse" 
for  its  own  protection.  Where  trees  and  plants  are  but  slightly 
infested  its  presence  is  not  readily  detected  by  the  casual  observer, 
but  in  the  case  of  severe  infestation  the  bark  of  the  tree  and  limbs 
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Fr}.  3.— Appearance  of  an  apple  orchard  badly  infested  by  the  San  Jose  scale;  many  of  the  limbs  and 

branches  killed.    (Original.) 

will  present  an  ash-gray  appearance,  and  on  closer  examination  will 
be  found  thoroughly  incrusted  with  the  scales,  which,  when  scraped 
with  a  knife,  will  produce  a  yellowish,  oily  fluid.  \Vlien  the  scales 
are  abundant  on  the  tree  the  foliage  also  will  be  thoroughly  infested, 
giving  it  a  spotted  and  diseased  appearance  readily  observable  some 
feet  away. 

NATUBAL  HISTORY  AND  HABITS. 

The  San  Jose  scale  passes  the  winter  in  an  immature  condition 
fixed  to  the  bark  of  the  host  plant,  the  small,  dark-gray  or  blackish 
scales  being  just  discernible  with  the  unaided  eye.     In  early  spring, 
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with  the  ascent  of  the  tree's  sap,  the  growth  of  the  scale  begins, 
and  early  in  April  in  the  latitude  of  Washington  the  small,  two- 
winged,  active  males  issue  from  the  male  scales.     After  mating  with 
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Fio.  3.~ Appearance  of  the  San  Jose  scale,  enlarged  about  4  times;  to  the  right,  on  peach ;  to  the  left^  on 

apple.    (Original ) 

the  females  the  males  die.  The  females  continue  to  grow  and  in 
about  a  month  begin  the  production  of  living  young — minute,  yellow, 
oval  creatures,  which  by  very  close  observation  may  be  distinguished 
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without  the  aid  of  a  hand  lens,  crawling  here  and  there  on  the  in- 
fested plants  in  an  effort  to  find  a  suitable  place  for  settlement.  The 
young  insect  is  active  for  some  hours  but  soon  settles,  pushes  its 
slender,  threadlike  beak  into  the  plant,  and  begins  to  feed  by  sucking 
out  the  sap.  After  this  there  is  no  further  movement  from  place  to 
place,  and  the  waxy  covering,  which  often  begins  to  develop  before 
the  insect  has  settled,  soon  covers  it  completely. 

In  about  twelve  days  the  insects  molt  and  from  this  time  on  the 
male  and  female  scales  may  be  readily  distinguished.  Eight  or  ten 
days  later  the  males  change  to  pupa?,  and  in  from  twenty-four  to 
twenty-six  days  from  bu'th  the  adult  males  emerge  and  fecundate 
the  females,  which  in  turn  reach  maturity  and  begin  the  production 
of  young  in  from  thirty-three  to  forty  days  from  birth.  An  individual 
female  may  give  birth,  on  the  seasonal  average,  to  about  400  young, 
and  as  the  life  cycle  of  the  female  covers  but  a  few  weeks  there  may 
be  several  generations  a  year,  the  number  varying  according  to  lati- 
tude. The  progeny  from  one  parent  during  the  season  have  been 
estimated  at  1,608,040,200  females.  It  is 'thus  easy  to  understand 
how  the  insect  can  so  quickly  destroy  the  plants  infested  and  why 
prompt  remedial  measures  are  so  necessarj\  With  the  approach  of 
the  cool  weather  of  fall,  breeding  gradually  ceases  and  the  scales  in 
all  stages  enter  hibernation.  Most  of  the  older  and  also  most  of  the 
younger  individuals  perish  during  the  winter,  the  survivors  being 
those  about  one-third  or  one-half  grown,  as  stated. 

MEANS  OF  DISTRIBUTION. 

The  San  Jose  scale  is  distributed  from  one  region  to  another  prin- 
cipally on  nursery  stock,  scions,  or  budding  and  grafting  material. 
The  danger  of  its  dissemination  in  this  way  is  fully  realized,  and  laws 
are  in  force  in  the  majority  of  States  requiring  the  inspection  of 
nurseries  and  the  destruction  of  infested  stock.  Traffic  in  nursery 
produce  is  permissible  only  under  the  certificate  of  an  official  ento- 
mologist or  inspector  that  the  stock  is  free  from  the  scale.  In  addition 
to  the  actual  inspection  of  nurseries,  further  safeguard  is  furnished 
by  the  practice  of  most  nurserymen  (compulsory  in  some  States)  of 
fumigating  the  plants,  before  distribution,  with  hydrocyanic-acid  gas. 

After  the  insect  once  becomes  established  in  a  locality  its  spread 
is  accomplished  by  various  agencies.  As  explained  under  the 
natural  history  of  the  insect,  it  is  capable  of  movement  only  during 
a  short  period  after  birth.  During  this  crawling  stage  the  insects 
are  able  to  pass  from  tree  to  tree  where  the  limbs  are  in  contact. 
But  it  is  by  agencies  independent  of  itself  that  it  is  principally 
distributed.  Prominent  among  these  factors  are  birds,  which  may 
alight  upon  infested  trees,  where  the  young  insects  may  crawl  upon 
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their  feet  and  be  subsequently  deposited  in  other  trees,  sometimes  at 
distances  quite  remote.  It  is  probable  that  the  young  are  blown  by 
strong  winds  from  tree  to  tree;  and  they  are  carried  by  insects,  such 
as  grasshoppers,  ladybird  beetles,  ants,  etc.  The  crawling  ''lice*' 
may  be  transported  considerable  distances  on  the  clothing  of  man, 
on  vehicles,  or  on  horses  or  other  live  stock  which  may  be  in  orchards 
for  any  purpose. 

The  suggestion  that  the  insect  may  be  disseminated  by  means  of 
scale-infested  fruit  (see  fig.  4)  has  been  frequently  made,  but  it  is 
the  consensus  of  opinion  among  American  entomologists  that  this 
danger,  while  undoubtedly  existing,  is  negligible. 


Fig.  4.— Baldwin  apple  badly  infested  with  the  San  Jose  scale.    (Original.) 

FOOD  PLANTS. 

The  San  Jose  scale  infests  practically  all  deciduous  fruit  trees, 
such  as  apple,  pear,  peach,  plum,  etc.,  and  also  many  ornamental  and 
shade  trees.  It  is,  however,  seriously  destructive  to  a  much  smaller 
number  than  that  upon  which  it  may  actually  maintain  its  existence. 
The  following  list  of  food  plants,  as  compiled  by  Dr.  W.  E.  Britton," 
includes  those  that  are  commonly  or  badly  infested: 

a  Report  of  the  Connecticut  Agricultural  Experiment  Station,  1902,  Part  II.  2d 
Report  of  the  Entomologist,  pp.  132-138. 
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Acacia  sp.    Lintner,  Felt,  N.  Y.;  Alwood,  Va. 

Akebiaep.    Felt,  N.  Y. 

Aiebia  quinaia  Decaisne.    Alwood,  Va. 

Amelanchier  canadensis  Medic,  and  other  species.    Shad-bush,  Junebeny.    Britton, 

Koehler,  Conn.;  Alwood,  Va. 
CitruB  trifoliata  Linn.    Scott,  Ga.;  Alwood,  Va.;  Gossard,  Fla. 
Camus  alba  Linn.  var.  sibirica  Lodd.    Britton,  Conn. 
Comus  baileyi  Coult.  &  Evans.    Gould  (in  N.  Y.).. 
Camus  sanguinea  Linn.     Britton,  Conn. 

CoUmeaster  sp.?    Britton,  Conn.;  Lintner,  Felt,  N.  Y.;  Card,  R.  I. 
Cotoneaster  vulgaris  Lindl.    Alwood,  Va. 
Cratxgus  sp.    Hawthorn.    Britton,  Conn. ;  Lintner,  Felt,  N .  Y. ;  Alwood,  Va. ;  Smith, 

N.J. 
Cratxgus  cordata  Soland.    Koehler,  Conn. 

Crataegus  oxyacarUha  Linn.    English  hawthorn.    Britton,  Koehler,  Conn. 
Crataegus  coccinea  Linn.    Koehler,  Conn. 
Cratfpgus  crus-galli  Linn.    Koehler,  Conn. 
Cydonia  vulgaris  Pers.    Common  quince.    Britton,  Conn.;  Lintner,  N.  Y.;  Alwood, 

Va. 
Cydonia  japonica  Pers.    Japanese  or  flowering  quince.    Britton,   Koehler,   Conn.; 

Lintner,  N.  Y.;  Alwood,  Va.;  Johnson,  Md. 
Fagus  sylvatica  Linn.  var.  purpurea  Ait.    European  purple-leaved  beech.  Smith,  N  J. 
Juglans  sieboldiana  Maxim.    Japanese  walnut.    Britton,  Conn.;  Alwood,  Va.;  Sher- 
man, N.  C;  Smith,  N.  J. 
Ligustrum  vulgare  Linn.    Common  privet.    Alwood,  Va. 

Populus  sp.    Poplar.    Britton,  Conn.;  Smith,  N.  J.;  Sanderson,  Del.;  Felt,  N.  Y. 
Populus  deltoides  Marsh.    Carolina  poplar.    Britton,  Conn.;  Rolfs  &  Quaintance, 

Fla.;  Alwood,  Va. 
Populus  nigra  Linn .  var.  italica  Du  Roi.    Lombardy  poplar.    Britton,  Koehler,  Conn. ; 

Rolfs  &  Quaintance,  Fla.;  Alwood,  Va. 
Prunus  amygdalus  Stokes.    Almond.     Lintner,  N.  Y.;  Alwood,  Va. 
Prunus  armeniaca  Linn.    Apricot.    Lintner,  Felt,  N.  Y.;  Alwood,  Va.;  Smith,  N.  J. 
Prunus  avium  Linn.    Sweet  cherry.    Britton,  Conn.;  Lintner,  Felt,  N.  Y.;  Alwood, 

Va.;  Smith,  N.  J.;  Cockerell,  N.  Mex. 
Prunus  pumila  Linn.    Koehler,  Conn. 

Prunus  pumila  var.  besseyi  Waugh.    Sand  cherry.    Alwood,  Va. 
Prunus  cerasifera  Ehrh.  var.  atropurpurea  Dipp.  (P.  pissardi).    Purple-leaved  plum. 

Britton,  Conn.;  Felt,  N.  Y. 
Prunus  domestica  Linn.    European  plum.    Britton,  Conn.;  Alwood,  Va. 
Prunus  hortulana  Bailey.    Wild  goose  plum.    Alwood,  Va. 
Prunus  japonica  Thunb.    Flowering  almond.    Britton,  Conn.;  Felt,  N.  Y. 
Prunus  maritima  Waugh.    Beach  plum.    Koehler,  Britton,  Conn. 
Prunus  persica  Sieb .  &  Zucc .    Peach .    Britton ,  Koehler,  Conn . ;  Lintner,  Felt,  N .  Y. ; 

Alwood,  Va.;  Cockerell,  N.  Mex. 
Prunus  triflora  Roxbg.    Japanese  plum.    Britton,  Koehler,  Conn.;  Alwood,  Va. 
Prunus  serotina  Ehrh.    Koehler,  Conn. 
Prunus  virginiana  Linn.    Chokecherry.    Koehler,  Conn. 
Ptelea  trifoliata  Linn.    Hop  tree.    Femald,  Mass. 
Pyrus  communis   Linn.    Pear.    Britton,    Koehler,    Conn.;  Lintner,    Felt,    N.   Y.; 

Alwood,  Va.;  Cockerell,  N.  Mex. 
Pyrus  sinensis  Lindl.    S^nd  pear,  including  Kieffer.    Alwood,  Va. 
Pyrus  baccata  Linn.    Koehler,  Conn. 

Pyrus  malus  Linn.    Apple.    Britton,  Koehler,  Conn.;  Lintner,  Felt,  N.  Y.;  Alwood, 
Va.;  Doten,  Nev.;  Cockerel,  N.  Mex. 
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Pyrus  fip.    Crab  apple.    Britton,  Conn. 

Ribes  oxyacanthoides   Linn.    Gooeebeny.    Britton,    Conn.;  Lin tner,    Felt,    N.  Y.; 

A 1  wood,  Va.;  Troop,  Ind. 
Ribes  aureum  Pnreh.    Missouri  or  flowering  cuirant.    Lin  tner,  N.  Y. 
Ribes  rubrum  Linn.    Currant.    Britton,  Conn.;  Lintner,  Felt,  N.  Y. 
Ribes  nigrum  Linn.    Black  currant.    Alwood,  Va. 

Rosasp;    Britton,  Conn.;  Lintner,  N.  Y.;  Alwood,  Va.;  C<x;kerell,  N.  Mex.;  Bur- 
gess, Ohio;  Troop,  Ind.;  Gould,  Md.;  Scott,  Ga. 
Rosa  Carolina  Linn.    Koehler,  Conn. 
Rosa  ludda  Ehrh.    Koehler,  Conn. 
Rosa  virginiana  Mill.    Koehler,  Conn. 
Rosa  rugosa  Thunb.    Britton,  Koehler,  Conn. 
SalixB^p.    Willow.    Britton,  Conn.;  Felt,  N.  Y.;  Sanderson,  Del. 
Salix  ludda  Muhl.    Koehler,  Conn. 

ScAix  pentandra  Linn.    Laurel-leaved  willow.    Lintner,  N.  Y.;  Alwood,  Va. 
Salix  vitellina  Linn.    Koehler,  Conn. 

Salix  babyUmica  Linn.    Weeping  willow.    Lintner,  N.  Y.;  Alwood,  Va. 
Salix  humilis  Marsh.    Koehler,  Conn. 
Salix  incana  Schrank.    Koehler,  Conn. 
Sorbus  sp.    Mountain  ash.    Felt,  N.  Y.;  Hunter,  Kans. 
Sorbus  americana  Marsh.    American  mountain  ash.    Britton,  Koehler,  Conn. ;  Alwood, 

Va. 
Sorbus  aucuparia  Linn.    European  mountain  ash.    Britton,  Koehler,  Conn. 
Sorbus  melanocarpa  C.  Koch  (Aronia  nigra  Koehne).     Black  chokebeny.     Koehler, 

Conn. 
Symphoricarpos  racemosus  Michx.    Snowberry.    Felt,  N.  Y.;  Smith,  N.J. 
Syringa  vulgaris  Linn.    Common  lilac.    Burgees,  Ohio;  commissioner  of  agriculture, 

N.  Y.;  Troop,  Ind.;  Alwood,  Va. 
Syringa  persica  Linn.    Persian  lilac.    Britton,  Conn. 
Tilia  sp.    Basswood,  linden.    Britton,  Conn.;  Lintner,  commissioner  of  agriculture, 

N.Y. 
Tilia  americana  Linn.    American  linden  or  basswood.    Britton,  Conn.;  Alwood,  Va. 
ToxyUm  pomi/erum  Raf.    Osage  orange.    Britton,   Conn.;  Lintner,   Felt,    N.  Y.; 

Alwood,  Va. 
Ulmus  sp.    Elm.    Lintner,  N.  Y.;  Webster,  Ohio;  Troop,  Ind. 
Ulmus  americana  Linn.    American  elm.    Britton,  Koehler,  Conn.;  Alwood,  Va. 
Ulrnu^  campestris  Smith.    English  or  European  elm.    Britton,  Conn.;  Felt,  N.  Y.; 

Smith,  N.J. 

This  list  might  be  materially  extended  by  recording  those  plants 
upon  which  the  insect  has  at  various  times  been  taken  but  to  which 
it  is  not  especially  injurious.  The  fears  earUer  expressed  that  the 
scale  would  eventually  seriously  infest  our  native  forest  growth  have 
not  been  borne  out,  and  in  effect  it  requires  treatment  only  on  fruit 
trees  and  on  ornamental  trees  and  plants. 

NATT7BAL  ENEMIES. 

The  San  Jose  scale  is  subject  to  attack  by  numerous  predaceous 
and  parasitic  enemies^  which  render  important  service  in  its  control. 
Practically,  however,  the  combined  influence  of  these  several  agen- 
cies is  not  sufficient  to  make  up  for  the  enormous  reproductive 
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capacity  of  this  insect.  To  preserve  the  plants  from  destruction, 
its  control  must  be  accomplished  by  artificial  means,  such  as  the  use 
of  sprays. 

Among  the  more  common  predaceous  insects  which  are  observed 
feeding  on  the  scale  is  the  so-called  pitiful  ladybird  (Microweisea 
[Pentilia]  misella  Lee),  illustrated  in  figure  5.  This  very  small, 
convex,  black  beetle  may  generally  be  found  by  any  observant  per- 
son on  scale-infested  trees. 

Another  species  that  feeds  very  commonly  on  this  and  other  scale 
insects  is  the  twice-stabbed  ladybird  {Chilocorus  hivulnerus  Muls.). 
This  is  a  very  near  relative  and  almost  identical  in  appearance  to 


Fig.  5.— The  pitiful  ladybird  ( MicroweUea  [PenHlia]  miseUa):  a.  Beetle;  b,  larva;  c,  pupa;  d,  blosaom  end 
of  pear,  showing  scales  with  larvse  of  Microweisea  feeding  on  them,  and  pupse  of  Microweisea  attached 
within  the  calyx.    All  greatly  enlarged.    (From  Howard  and  Marlatt.) 

the  Asiatic  ladybird  {ChUocorus  similis  Rossi)  (see  fig.  6),  which  was 
introduced  into  this  country  from  China  through  the  activities  of 
Mr.  C.  L.  Marlatt,  of  the  Bureau  of  Entomology,  in. the  hope  that 
its  introduction  would  result  in  the  control  of  this  insect.  The 
Asi^ttic  ladybird,  however,  imfortunately  proved  to  be  subject  to 
certain  native  parasites,  while  the  necessity  of  spraying  for  the  scale 
destroyed  its  food  supply  to  such  an  extent  that  it  was  unable  to 
maintain  its  existence. 

Included  among  the  parasitic  Hymenoptera  are  certain  natural 
enemies  of  an  entirely  different  kind — very  minute,  four-winged 
flies  (see  fig.  7),  which  deposit  their  eggs  upon^^.^^^^^ j^  ^e  scales, 
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the  resulting  grubs  consuming  the  body  substance  of  their  host  in 
the  course  of  their  growth.  The  abundance  of  these  small  parasites 
varies  greatly  with  the  locality  and  the  time  of  year.  Dr.  L.  O. 
Howard,**  who  has  given  much  attention  to  the  parasites  of  the  San 
Jose  and  other  scales,  records  for  this  species  the  following:  Apheli- 
nus  ftLsdpennis  How.,  Aphelinus  mytUaspidis  Le  B.,  Aspidiotipha- 
gus  citrinus  How.,  Anaphes  gracilis  How.,  Physcus  varicomis  How., 
Prospcdta  aurantii  How.,  Ablerus  clisiocampx  Ashm.,  and  Khopoideus 
citrinus  How. 


Fio.  6.— The  Asiatic  ladybird  ( ChUoconu  ^imUu),  almost  Identical  with  the  twloe^tabbed  ladybird  ( a 
bivulnerus),  predatory  on  the  San  Jose  scale:  a,  Second-stage  larva;  b,  cast  skin  of  same;  e,  full-giown 
larva;  d,  method  of  pupation,  the  pupa  being  retained  in  split  larval  skin;  e,  newly  emerged  adult  not 
yet  colored;  /,  fully  colored  and  perfect  adult.    All  enlarged  to  the  same  scale.    (From  Marlatt. ) 

Parasitism  by  these  insects  is  indicated  by  a  small  roimd  hole  in 
the  sc9.1e  covering  of  the  insect,  through  which  the  adult  parasite 
has  made  its  escape.  Any  orchardist,  however,  may  satisfy  him- 
self as  to  the  presence  of  these  little  friends  by  inclosing  in  a  glass 
vial  a  badly  infested  twig,  for  in  the  course  of  a  few  da3rs  the  minute 
flies,  if  present,  will  begin  to  emerge. 

Considerable  attention  has  been  given  to  the  subject  of  fungous  dis- 
eases of  the  San  Jose  scale,  and  numerous  attempts  conducted  in  a 
thoroughly  scientific  manner,  notably  by  Prof.  P.  H.  Rolfs,  director 
of  the  Florida  Agricultural  Experiment  Station,  have  been  made  to 

■■  ' '• m 

a  Bul.  62,  Bureau  of  Entomology,  U.  S.  Dept.  of  Agriculture,  pp.  58-62,  1906. 
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utilize  one  of  these  parasitic  plants  in  the  control  of  the  insect. 
The  fungus  in  question,  SphaerostUhe  coccopkila,  is  cosmopolitan  in 
its  distribution,  infesting  many  diaspine  scale  insects,  and  in  Florida 
and  the  territory  adjacent  to  the  Gulf  it  is  quite  generally  present  on 
scales  in  orchards  and  on  shade  and  forest  trees.  Its  abundance 
and  effectiveness,  however,  depend  upon  certain  weather  condi- 
tions, and  therefore  vary  considerably. 

CONTROL  MEASXJItES. 

As  has  been  already  stated,  the  San  Jose  scale,  in  the  absence  of 
proper  treatment,  will  quickly  bring  about  the  death  of  most  plants 
of  economic  importance.  Its  discovery,  therefore,  whether  in 
orchards  or  on  prized  fruit  trees  and  other  plants  in  the  yard,  should 
call  for  prompt  steps  to  effect  its  control.  It  has  been  amply  demon- 
strated  that   the   scale   may   be   very   successfully   controlled,    and 


Fio.  1  .—A»j»diotiphagus  citrinuA,  a  hymenopterous  parasite  of  Iho  San  Jaso  scale.     (Ireatly  enlarged. 

(From  Howanl.) 

practically  its  presence  merely  requires  one  thorough  treatment 
during  the  dormant  period  each  year.  On  account  of  the  general 
distribution  of  the  pest,  extermination  is  in  most  cases  out  of  the 
question. 

Where  plants  are  thoroughly  incrusted,  with  consequent  death  of 
branches  and  stunting  of  growth,  it  will  generally  be  advisable  to 
dig  out  the  trees  at  once  and  replace  with  new  ones.  Previous  to 
spraying  infested  trees,  the  dead  and  weakened  wood  should  be 
pruned  out,  which  will  simplify  the  work  of  spraying  and  will  hasten 
the  formation  of  new  sound  wood. 

There  are  several  scale  washes  which  may  be  employed  in  the 
control  of  the  insect,  and  the  one  should  be  selected  which  can  be 
most  conveniently  used  and  which  is  economical  under  the  circum- 
aiiances.  Thus,  for  spraying  on  a  large  scale  the  orchardist  could 
properly  afford  expenditures  for  the  constniction  of  cooking  outfits 
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for  lime-sulphur  wash  which  would  not  be  justified  where  but  a  few 
plants  were  involved.  For  a  few  plants  it  would  be  better  to  use 
some  one  of  the  prepared  washes  put  up  by  manufacturers.  In  fact, 
many  large  orchardists  prefer  to  use  sprays  of  this  class  in  prefer- 
ence to  making  the  washes  at  home.  The  possibiUty  of  injury  to 
the  trees  from  the  sprays  must  also  be  borne  in  mind.  All  treat- 
ments, if  possible,  should  be  made  during  the  dormant  period  (this  is 
to  say,  in  late  fall  or  early  spring,  or  even  during  the  winter  in  mild 
climates),  since  at  this  time  washes  may  be  appUed  at  much  greater 
strengths  than  when  the  trees  are  in  foUage.  The  aim  is  to  use  the 
wash  about  as  strong  as  the  tree  will  stand,  thereby  securing  the 
maximum  killing  effect  upon  the  insects.  Used  in  this  way  the 
washes  of  the  petroleiun  or  kerosene  series  are  most  Ukely  to  cause 
injury  to  the  fruit  buds  and  tender  twigs,  and  the  lime-sulphur 
washes  least  likely  to  do  so.  Whale-oil-soap  sprays  as  recommended 
for  dormant  trees  are  comparatively  safe,  though  reports  are  at 
hand  of  injury  to  fruit  buds,  especially  from  fall  applications.  Stone 
fruits,  such  as  peach,  plum,  etc.,  are  more  susceptible  to  injury  from 
sprays  than  apple  and  pear,  and  on  the  former  the  lime-sulphur 
sprays  should  always  be  used.  Petroleiun  and  miscible  oils  are 
more  frequently  used  on  apple  and  pear,  and  owing  to  their  spread- 
ing and  penetrating  qualities  are  perhaps  more  effective  in  destroy- 
ing the  scales  on  the  terminal  twigs,  which  are  infested  to  a  greater 
extent  in  the  case  of  these  fruits.  The  several  sprays  in  use  may  be 
considered  imder  the  following  headings:  (1)  Lime-sulphur  wash 
series;  (2)  petroleum  oil  series  (including  miscible  oils),  and  (3)  soap 
wash  series. 

LIME-SULPHUB   WASHES. 

For  many  years  the  cooked  lime-sulphur  wash  has  been  the  mwi 
reliance  in  the  control  of  the  scale.  It  is  made  according  to  the  fol- 
lowing formula: 

Stone  lime pounds. .  20 

Sulphur  (flour or  flowers). do 15 

Water  to  make gallons. .  50 

Heat  in  a  cooking  barrel  or  vessel  about  one-third  of  the  total 
quantity  of  water  required.  When  the  water  is  hot  add  all  the  lime 
and  at  once  add  all  the  sulphup,  which  previously  should  have  been 
made  into  a  thick  paste  with  water.  After  the  lime  has  slaked,  about 
another  third  of  the  water  should  be  added,  preferably  hot,  and  the 
cooking  should  be  continued  for  one  hour,  when  the  final  dilution 
may  be  made,  using  either  hot  or  cold  water,  as  is  most  convenient. 
The  boiling  due  to  the  slaking  of  the  lime  thoroughly  mixes  the 
ingredients  at  the  start,  but  subsequent  stirring  is  necessary  if  the 
wash  is  cooked  by  direct  heat  in  kettles.     If  cooked  by  steam,  no 
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stirring  will  be  necessary.  After  the  wash  has  been  prepared  it  must 
be  well  strained  as  it  is  being  run  into  the  spray  pump  or  tank.  The 
wash  may  be  cooked  in  large*  kettles  or,  preferably,  by  steam  in  bar- 
rels or  tanks. 

This  wash  has  proved  entirely  eflFective  in  controlling  the  insect  on 
all  plants,  so  far  as  preserving  their  life  is  concerned,  and  has  been 
especially  satisfactory  for  stone  fruits.  For  the  apple,  however,  it 
has  not  in  all  cases  been  so  satisfactory,  as  difficulty  is  experienced, 
especially  in  the  case  of  large  trees,  in  making  the  appUcation  suffi- 
ciently thorough  to  kill  all  the  scales.  The  spotting  of  the  fruit  by 
the  progeny  of  those  that  escape  renders  it  unsightly  for  market  pur- 
poses, though  its  intrinsic  value  is  but  Uttle  reduced.  The  presence 
of  the  scale  is  furthermore  very  objectionable  for  the  reason  that  cer- 
tain foreign  governments  and  certain  States  in  this  coimtry  rigidly 
quarantine  against  fruits  showing  the  presence  of  this  insect.  Con- 
siderable loss  on  fruit  exported  thus  results  to  orchardists  and 
dealers.^ 

Some  apple  growers  rely  principally  upon  the  oil  sprays,  or  use 
them  at  least  every  other  year,  alternating  with  the  lime-sulphur 
wash,  and  in  this  way  keep  the  scale  well  in  check. . 

CONCBNTRATED  LIME-SULPHUR  SOLUTIONS. 

The  inconvenience  experienced  in  preparing  the  lime-sulphur  wash 
by  cooking  with  steam  or  in  open  kettles  at  home  has  been  one  of 
the  principal  objections  to  this  spray.  Certain  manufacturers  have 
therefore  put  on  the  market  concentrated  solutions  of  lime-sulphur 
wash,  which  have  only  to  be  diluted  with  water  for  use.  These  com- 
mercial washes  have  proved  to  be  about  as  effective  in  controlling 
the  scale  as  the  well-cooked  lime-sulphur  wash,  and,  although  some- 
what more  expensive,  have  been  adopted  by  many  commercial 
orchardists  in  preference  to  the  home-prepared  spray.  They  are 
especially  useful  for  the  smaller  orchardist,  whose  interests  do  not 
warrant  the  construction  of  a  cooking  plant.  In  other  ways,  too, 
they  possess  advantages;  for  instance,  those  using  the  commercial 
washes  may  have  always  on  hand  a  stock  solution,  so  that  the  spray 
may  be  quickly  prepared  and  advantage  taken  of  favorable  weather 
conditions. 

HOMEMADE  CONCENTRATED  LIME-SULPHUR  SOLUTIONS. 

The  question  of  the  preparation  at  home  of  concentrated  lime-sul- 
phur solutions  which  will  not  crystaUize  upon  cooling,  thus  duplicat- 
ing essentially  the  commercial  product,  has  been  the  subject  of  inves- 

«  Experiments  made  by  the  Bureau  of  Entomology  indicate  the  practicability  of 
successfully  fumigating  scale-infested  apples  intended  for  export  or  other  trade.    (See 
Bui.  84,  Bur.  Ent.,  U.  S.  Dept.  Agr.,  1909.) 
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ligation  by  several  entomologists,  notably  by  Cordley  in  Oregon, 
Stewart  **  in  Pennsylvania,  and  Parrott  *  in  New  York  State.  These 
gentlemen  have  demonstrated  that  it  is  practicable  for  orchardists 
to  prepare  concentrated  stock  solutions  of  lime-sulphur  wash  for 
immediate  or  later  use.  Several  orchardists  have  already  adopted 
this  plan,  and  it  will  doubtless  come  into  more  general  use  in  the 
future.  The  details  of  the  preparation  of  concentrated  lime-sulphur 
solutions  can  not  properly  be  given  in  the  scope  of  this  circular,  but 
those  interested  should  secure,  if  possible,  copies  of  reports  on  the 
work  from  the  directors  of  the  respective  experiment  stations. 

SELF-BOILED   LIME-SULPHUR   WASH. 

In  the  earlier  experiments  with  the  lime-sulphur  wash  in  the  East 
many  efforts  were  made  to  avoid  the  necessity  of  cooking  the  wash 
by  utilizing,  to  dissolve  the  sulphur,  the  heat  generated  by  the  slak- 
ing of  the  lime,  or  supplementing  this  by  the  addition  of  a  quantity 
of  caustic  soda  or  potash.  This  preparation,  formerly  designated  as 
self-boiled  lime-sulphur  wash,  has  now  largely,  if  not  entirely,'  fallen 
into  disuse,  and  the  spray  under  consideration  is  essentially  a  differ- 
ent preparation  and  was  developed  primarily  as  a  fungicide. 

Experiments  made  by  the  Bureau  of  Entomology  in  the  vicinity 
of  Washington  in  1908,  however,  have  shown  that  tliis  self-boiled 
wash,  by  destroying  the  young  insects  and  interfering  with  their 
establishment,  is  an  excellent  summer  treatment  for  the  San  Jose 
scale.  It  is  also  effective  in  destroying  aphides  and,  in  addition,  as 
stated,  will  prevent  numerous  fungous  diseases,  as  established  by 
Prof.  W.  M.  Scott,  of  the  Bureau  of  Plant  Industry.  Its  use  is  espe- 
cially recommended  for  scale-infested  fruit  trees  which  should  receive 
applications  of  a  fungicide  and  which  may  be  more  or  less  affected 
with  aphides.  By  the  addition  of  arsenate  of  lead,  at  the  rate  of  2 
pounds  to  50  gallons  of  spray,  the  wash  also  becomes  effective 
against  biting  insects,  such  as  the  codling  moth  and  plum  curculio, 
and  this  furnishes  as  nearly  an  all-around  spray  as  anything  at 
present  known. 

It  is  possible  that  the  commercial  concentrated  lime-sulphur  wash, 
previously  referred  to,  used  at  the  rate  of  IJ  gallons  to  50  gallons 
of  water,  would  destroy  many  of  the  young  San  Jose  scales.  It  has 
been  shown  to  be  an  excellent  fungicide,  and  at  this  strength  not 
injurious  to  the  foliage.  Arsenate  of  lead  may  also  be  added,  as  in 
the  case  of  the  self-boiled  wash. 

In  using  the  self-boiled  lime-sulphur  wash  as  a  scale  treatment, 
however,  especial  pains  should  be  taken  to  coat  the  limbs  and  branches 

o  Bui.  99,  Pa.  State  ('oil.  Agr.  Exp.  Sta.  (State  College,  Pa.),  1910. 
5  Bui.  320,  N.  Y.  Agr.  Exp.  Sta.  (Geneva,  N.  Y.),  1909. 
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of  the  infested  trees,  and,  on  account  of  the  presence  of  the  leaves, 
careful  work  will  be  necessary  to  accomplish  this.  This  wash  is 
made  as  follows : 

Stone  lime pounds. .      8 

Sulphur  (flour  or  flowers) do 8 

Water  to  make gallons. .     50 

The  lime  should  be  placed  in  a  barrel  and  enough  water  poured  on 
to  almost  cover  it.  As  soon  as  the  lime  begins  to  slake  the  sulphur 
should  be  added,  after  first  running  it  through  a  sieve  to  break  up 
the  lumps.  The  mixture  should  be  constantly  stirred  and  more 
water  added  as  needed  to  form  a  thick  paste  at  first  and  then  grad- 
ually a  thin  paste.  The  lime  will  supply  enough  heat  to  boil  the 
mixture  several  minutes.  As  soon  as  it  is  well  slaked  water  should 
be  added  to  cool  the  mixture  and  prevent  further  cooking.  It  is 
then  ready  to  be  strained  into  the  spray  tank,  diluted,  and  applied. 

The  stage  at  which  cold  water  should  be  poured  on  to  stop  the 
cooking  varies  with  different  grades  of  lime.  Some  limes  are  so  slug- 
gish in  slaking  that  it  is  difficult  to  obtain  enough  heat  from  them  to 
cook  the  mixture  at  all,  while  other  limes  become  intensely  hot  on 
slaking,  and  care  must  be  taken  not  to  allow  the  boiling  to  proceed 
too  far.  If  the  mixture  is  allowed  to  remain  hot  fifteen  or  twenty 
minutes  after  the  slaking  is  completed  the  sulphur  gradually  goes 
into  solution,  combining  with  the  lime  to  form  sulphids,  which  are 
injurious  to  peach  foliage.  It  is  therefore  very  important,  especially 
with  hot  lime,  to  cool  the  mixture  quickly  by  adding  a  few  buckets 
of  water  as  soon  as  the  lumps  of  lime  have  slaked  down.  The  intense 
heat,  violent  boiling,  and  constant  stirring  result  in  a  uniform  mix- 
ture of  finely-divided  sulphur  and  lime,  with  only  a  very  small  per- 
centage of  the  sulphur  in  solution.  It  should  be  strained  to  take  out 
the  coarse  particles  of  lime,  but  the  sulphur  should  be  carefully 
worked  through  a  strainer.  The  mixture  can  be  prepared  in  larger 
quantities  if  desirable,  say  enough  for  200  gallons  at  a  time,  making 
the  formula  32  pounds  of  lime  and  32  pounds  of  sulphur  to  be  cooked 
with  a  small  quantity  of  water  (8  or  10  gallons),  and  then  diluted  to 
200  gallons. 

The  first  application  should  be  given  when  the  young  scale  insects 
are  beginning  to  crawl,  which  time  will  vary  according  to  locality. 
In  the  neighborhood  of  Washington  this  will  be  about  the  middle  of 
May,  earlier  in  the  South,  and  later  in  the  North.  This  one  treat- 
ment, if  thoroughly  applied,  will  do  much  to  check  the  increase  of 
the  insect  and  to  protect  the  trees  from  serious  damage  until  the 
more  thorough  winter  application  can  bo  made.  A  subsequent  appU- 
cation  should  be  given,  if  practicable,  in  the  course  of  five  or  six  weeks ' 
in  order  to  destroy  the  young  scales  of  the  second  generation. 
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PETROLEUM-OIL    SERIES. 


Under  the  heading  "Petroleum-oil  series"  are  to  be  included  kero- 
sene and  crude  petroleum,  either  pure  or  in  emulsion,  and  the  so- 
called  miscible  oils. 

Pure  kerosene  treatment. — Pure  kerosene  has  been  more  or  less 
recommended  for  spraying  trees  badly  infested  with  the  scale,  but  it 
has  never  been  very  generally  employed.  There  is  no  question  of  the 
eflBciency  of  such  an  application  in  the  destruction  of  the  insects, 
but  the  great  danger  of  injury  to  the  plants  precludes  its  general 
application.  Treatments  of  pure  kerosene  should  be  made  only  dur- 
ing bright  days  and  should  be  applied  through  a  nozzle  with  a  very 
fine  aperture.  Only  the  minimum  amount  of  kerosene  necessary  to 
cover  the  trees  should  be  given,  and  care  is  necessary  that  the  liquid 
does  not  puddle  around  the  roots  of  the  trees. 

Pure  crude  petroleum  treatment. — Pure  crude  petroleum  is  used  in 
identically  the  same  manner  as  pure  kerosene,  and  the  same  cautions 
as  to  its  use  should  be  remembered.  The  crude  oil  employed  in  the 
East  is  known  as  "insecticide  oil"  and  has  a  specific  gravity  of  43 
to  45  degrees  on  the  Beaum6  scale. 

Kerosene  emulsion  {stock  solution  66  per  cent  oU). — ^Kerosene  emul- 
sion is  made  after  the  following  formula: 

Keroeene  (coal  oil,  lamp  oil) gallons. .     2 

Whale-oil  soap  or  latindry  soap  (or  1  quart  of  soft  soap) pound . .      \ 

Water gallon. .     1 

Dissolve  the  soap  in  boiling  water;  then  remove  vessel  from  the 
fire.  Immediately  add  the  kerosene,  and  thoroughly  agitate  the 
mixture  until  a  creamy  solution  results.  The  stock  emulsion  may  be 
more  conveniently  made  by  pouring  the  mixture  into  the  tank  of  a 
spray  pump  and  pumping  the  liquid  through  the  nozzle  back  into 
the  tank  for  some  minutes.  The  stock  solution,  if  well  made,  will 
keep  for  some  months,  and  is  to  be  diluted  before  using.  In  order  to 
make  a  10  per  cent  spray  (the  strength  for  trees  in  foliage),  add  to 
each  1  gallon  of  the  stock  solution  about  5§  gallons  of  water.  For 
20  and  25  per  cent  emulsions  (for  use  on  dormant  trees  and  plants)^ 
use,  respectively,  about  2 J  gallons  and  I§  gallons  of  water  for  each  1 
gallon  of  stock  emulsion.  Agitate  the  mixture  in  all  cases  after 
adding  the  water.  The  preparation  of  the  emulsion  will  be  simplified 
by  the  use  of  a  naphtha  soap.  No  heat  will  be  required,  as  the  kero- 
sene will  combine  readily  with  the  naphtha  soap  in  water  when  thor- 
oughly agitated.  Of  naphtha  soap,  however,  double  the  quantity 
given  in  the  above  formula  will  be  required,  and  soft  or  rain  water 
should  be  used  in  making  the  emulsion.  In  regions  where  the  water 
is  "hard"  this  should  first  be  broken  with  a  little  caustic  potash  or 
soda,  such  as  common  lye,  before  use  for  dilution,  to  prevent  the 
soap  from  combining  with  the  lime  or  magnesia  present,  thus  liberat- 
ing some  of  the  kerosene:  or  rain  water  may  be  employed^ __t^ 
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Crude  petroleum  emvlsion. — Crude  petroleum  emulsion  may  be  pre- 
pared in  identically  the  same  way  as  described  for  kerosene  emulsion, 
substituting  crude  petroleum  for  kerosene.  The  same  dilutions  for 
winter  and  summer  spraying  should  be  made  as  prescribed  for  kero- 
sene emulsion,  but  it  should  be  noted  that  for  summer  treatments 
of  trees  in  foliage  the  kerosene  emulsion  is  preferable,  as  it  is  less 
likely  to  cause  injury. 

Misdble  oils. — ^Under  the  heading  "Miscible  oils''  are  to  be  desig- 
nated several  proprietary  preparations  which  are  essentially  petro- 
leum oils  with  the  addition  of  a  vegetable  oil  and  an  alkali,  to  secure 
ready  saponification  with  water.  These  come  in  concentrated  solu- 
tions and  the  spray  is  prepared  by  adding  a  specified  amount  of  water. 
In  point  of  convenience  they  leave  little  to  be  desired.  Miscible 
oils  are  coming  into  increased  use  in  place  of  kerosene  or  crude  petro- 
leum, either  pure  or  in  emulsions,  and  have  a  distinct  usefulness  as 
winter  sprays  about  the  same  as  have  the  concentrated  lime-sulphur 
solutions.  As  has  been  indicated,  the  petroleum  oils  are  at  times  the 
cause  of  injury  to  twigs  and  fruit  buds,  and  it  is  a  question  of  judg- 
ment whether,  under  conditions  of  severe  scale  infestation,  the  petro- 
leum oils  or  the  sulphur  solutions  should  be  used.  The  petroleum 
oils,  on  the  whole,  are  more  effective  and  the  danger  of  injury  from 
them  is  less  to  pome  than  to  stone  fruits. 

The  practicability  of  making  miscible  oils  at  home  has  been  inves- 
tigated by  Prof.  C.  L.  Penny,*  and  he  has  shown  it  to  be  entirely 
feasible,  as  detailed  in  the  publications  cited  below. 

SOAP   WASHES. 

Practically  the  only  soap  wash  which  has  come  into  extended  use 
against  the  San  Jose  scale  is  that  made  from  whale-oil  soap.  This  is 
used  mostly  on  dormant  trees,  the  soap  being  employed  at  the  rate 
of  2  pounds  to  the  gallon  of  water.  A  potash  whale-oil  soap  is  prefer- 
able and  should  contain  not  more  than  30  per  cent  of  water.  Soda 
soaps,  while  perhaps  cheaper,  will  be  likely  to  solidify  on  cooling 
when  used  at  the  strength  above  indicated,  and  are  hence  forced 
through  the  spray-pump  nozzle  with  difficulty.  For  spraying  trees 
in  foliage  the  soap  should  be  used  at  the  rate  of  1  pound  to  3  or  4 
gallons  of  water,  or  somewhat  weaker. 

SPRAYING   APPARATUS. 

The  washes  as  above  described  are  applied  by  means  of  some  form 
of  spray  pump,  the  size  and  character  depending  upon  the  size  of  the 
plants  to  be  treated.  For  small  plants,  such  as  ornamentals,  hedges, 
etc.,  a  bucket  pump  (fig.  8)  or  knapsack  pump  (fig.  9)  will  be  satis- 
factory. The  barrel  form  of  pump,  however  (fig.  10),  will  permit  of 
more  thorough  work  and  will  be  suitable  for  orchards  of  some  size. 

«  Bui.  75,  Del.  Coll.  Agr.  Exp.  Sta.  (1906). 
Bui.  85,  Pa.  State  Coll.  Agr.  Exp.  Sta.  (1908).    State  ^o^lj^^'b^GoOQlc 
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It  may  be  placed  in  a  wagon  or  cart  or  mounted  on  a  sled.  For  lai^c 
commercial  orchards  the  hand-power  tank  or  gasoline  outfits  arc 
better.  ^ 

It  is  quite  practicable,  however,  in  case  but  two  or  three  trees  in 
a  yard  are  to  be  treated,  to  apply  the  wash  to  the  limbs  and  branches 


Fig.  8.— Bucket  spray  pump  suitable  for  use  In  yards.    (Author's  illustration. ) 
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Fio.  9.— Knapsack  sprayer  suitable  for  spraying      Fio.  10.— A  barrel  sprayer, suitable  for  orchard 
low-growing  plants.    (Author's  illustration.)  or  similar  large-scale  work.    (Author's  illos- 

tration.) 

by  means  of  old  clotlis  or  brushes.  Whale-oil  soap  is  excellent  for 
this  purj)ose.  Severe  pruning  of  the  trees  is  usually  desirable  in 
such  cases. 

Aj)pr<)ve(l : 

James  Wilson, 

Secretary  of  Agriculture. 
Washington,  D.  c!,  May  27,  1910. 
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INSECTS  WHICH  KILL  FOREST  TREES:  CHARACTER 
AND  EXTENT  OF  THEIR  DEPREDATIONS  AND  METH- 
ODS OF  CONTROL.** 

By  A.  D.  Hopkins, 
In  Charge  of  Forest  Insect  Investigations, 

It  has  been  conclusively  demonstrated  that  certain  species  of  insects 
are  the  direct  or  primary  cause  of  the  death  of  forest  trees  of  all 
ages,  and  that  from  time  to  time  they  multiply  to  such  an  alarming 
extent  that  their  depredations  assume  the  character  of  a  destructive 
invasion,  which  results  in  the  death  of  a  large  percentage  of  the  best 
timber  over  thousands  of  square  miles. 

There  are  many  species  of  barkbeetles  which  prefer  to  attack 
matured  and  healthy  trees,  and  there  are  many  examples  of  whole 
forests  of  century-old  trees  that  have  perished  from  the  girdling  eflfect 
of  the  mines  of  the  beetles,  which  are  extended  in  all  directions 
through  the  inner  living  bark  on  the  main  trunks  of  the  trees. 
Indeed,  we  find  among  these  bark-boring  beetles  the  most  destructive 
insect  enemies  of  North  American  forests.  Some  notable  examples 
of  the  depredations  of  these  barkbeetles  are  given  below. 

T?ie  southern  pine  beetle, — In  1890-1892  a  destructive  invasion  of 
the  southern  pine  beetle  extended  from  the  western  border  of  West 
Virginia  through  Maryland  and  Virginia  into  the  District  of  Colum- 
bia, northward  into  southern  Pennsylvania,  and  southward  into  North 
Carolina.  In  this  area,  aggregating  over  75,000  square  miles,  a  very 
large  percentage  of  the  mature  and  small  trees  of  the  various  species 
of  pine  and  spruce  was  killed  by  this  beetle.  In  many  places  in  West 
Virginia  and  Virginia  nearly  all  the  pine  trees  of  all  sizes  on  thou- 
sands of  acres  were  killed,  while  shade  and  ornamental  trees  within 
the  same  area  suffered  the  same  as  those  in  the  forest.    Since  1902 

*  Revised  extracts  from  Bulletin  No.  58,  Part  V,  Bureau  of  Entomology,  U.  S. 
Department  of  Agriculture,  1909. 
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this  barkbeetle  has  been  more  or  less  active  in  the  Southern  States 
from  Virginia  to  Texas,  and  in  some  localities  and  during  certain 
years  it  has  killed  a  large  amount  of  timber.  Records  of  extensive 
destruction  of  timber  in  the  Southern  States  are  found  dating  back 
to  the  early  part  of  the  nineteenth  century.  This  species  may  be 
considered  one  of  the  most  dangerous  insect  enemies  of  southeastern 
conifers  and,  therefore,  a  constant  menace  to  the  pine  forests  of  the 
Southern  States. 

TJie  eastern  spruce  beetle, — During  the  period  between  1818  and 
1900  there  were  several  outbreaks  of  the  eastern  spruce  beetle  in  the 
spruce  forests  of  New  York,  New  England,  and  southeastern  Canada. 
This  species  caused  the  death  of  a  very  large  percentage  of  the  ma- 
ture spruce  over  an  area  of  thousands  of  square  miles.  In  the  aggre- 
gate many  billions  of  feet  of  the  best  timber  were  destroyed.  The 
larger  areas  of  this  dead  timber  furnished  fuel  for  devastating  for- 
est fires,  with  the  result  that  in  most  cases  there  was  a  total  loss. 

TJie  Engelmann  spruce  beetle. — The  Engelmann  spruce  beetle, 
with  habits  similar  to  the  eastern  spruce  beetle,  has  from  time  to  time 
during  the  past  fifty  years  caused  widespread  devastations  in  the 
Rocky  Mountain  region  to  forests  of  Engelmann  spruce,  in  some  sec- 
tions killing  from  75  to  90  per  cent  of  the  timber  of  merchantable  size. 

The  Black  Hills  beetle.— On^  of  the  most  striking  examples  of  the 
destructive  powers  of  an  insect  enemy  of  forest  trees  is  found  in  the 
Black  Hills  National  Forest  of  South  Dakota,  where  during  the  past 
ten  years  a  large  percentage  of  th^  merchantable  timber  of  the  «itire 
forest  has  been  killed  by  the  Black  Hills  beetle.  It  is  estimated  that 
more  than  a  billion  feet  of  timber  have  been  destroyed  in  this  forest 
as  the  direct  result  of  the  work  of  this  beetle.  This  destructive 
enemy  of  the  western  pine  is  distributed  throughout  the  forests  of 
the  middle  and  southern  Rocky  Mountains  region,  where,  within 
recent  years,  it  has  been  found  that  in  areas  of  greater  or  less  extent 
from  10  to  80  per  cent  of  the  trees  have  been  killed  by  it. 

The  mountain  pine  beetle  and  the  western  pine  beetle. — ^The  sugar 
pine,  silver  pine,  western  yellow  pine,  and  lodgepole  pine  of  the 
region  north  of  Colorado  and  Utah,  westward  to  the  Cascades,  and 
southward  through  the  Sierra  Nevadas  are  attacked  by  the  mountain 
pine  beetle  and  the  western  pine  beetle,  and,  as  a  direct  consequence, 
billions  of  feet  of  the  timber  have  died.  In  one  locality  in  northeast- 
em  Oregon  it  is  estimated  that  90  to  95  per  cent  of  the  timber  in  a 
dense  stand  of  lodgepole  pine  covering  an  area  of  100,000  acres  has 
been  killed  within  the  past  three  years  by  the  mountain  pine  beetle. 
Through  many  sections  of  the  sugar-pine  districts  of  Or^on  and 
California,  as  the  result  of  attacks  by  this  same  destructive  barkbeetle 
a  considerable  percentage  of  the  largest  and  best  trees  is  dead. 
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The  Douglas  -fir  beetle. — The  Douglas  fir  throughout  the  region 
of  the  Rocky  Mountains  from  southern  New  Mexico  to  British  Co- 
lumbia has  suffered  severely  from  the  ravages  of  the  Douglas  fir 
beetle,  with  the  result  that  a  large  percentage  of  dead  timber  is  found, 
much  of  which  will  be  a  total  loss. 

Three  other  species  of  beetles,  having  destructive  habits  similar 
to  those  above  mentioned,  depredate  on  the  pines  of  New  Mexico  and 
Arizona,  and  still  another  has  contributed  greatly  to  the  destruction 
of  the  larch  throughout  the  northeastern  United  States  and  south- 
eastern Canada. 

The  hickory  barkbeetle. — ^Within  the  past  ten  years  the  hickory 
barkbeetle  has  caused  the  destruction  of  an  enormous  amount  of 
hickory  timber  throughout  the  northern  tier  of  States  from  Wiscon- 
sin to  Vermont  and  southward  through  the  eastern  Atlantic  States 
and  into  the  Southern  States  as  far  as  central  Greorgia. 

The  larch  worm. — ^There  are  also  many  examples  of  widespread 
depredations  chargeable  to  insects  which  defoliate  the  trees,  thus 
contributing  to  their  death.  Notable  among  these  are  the  depreda- 
tions by  the  larch  worm,  which,  during  several  extensive  outbreaks 
since  1880,  has  killed  from  50  to  100  per  cent  of  the  mature  larch 
over  vast  areas  in  the  northeastern  United  States  and  southeastern 
Canada.  It  is  evident  that  the  amount  of  merchantable-sized  timber 
that  has  died  as  the  result  of  defoliation  by  this  insect  will  aggregate 
many  billions  of  feet 

CONTROL  OF  BARKBEETLES   WHICH   KILL  TREES. 

The  barkbeetles  which  kill  trees  attack  the  bark  on  the  trunk  and 
destroy  the  life  of  the  tree  by  extending  their  burrows  or  galleries  in 
all  directions  through  the  inner  living  bark.  The  broods  of  young 
grubs  or  larvae  develop  within  the  inner  bark,  on  which  they  feed. 
Those  of  some  species  develop  to  the  adult  stage  within  the  inner  bark 
and  are  exposed  when  the  bark  is  removed,  while  those  of  other 
species  transform  to  the  adults  in  the  outer  corky  bark  and  the  larvae 
are  not  exposed  when  the  bark  is  removed.  Some  species  have  two 
or  more  generations  in  a  season  or  annually,  while  others  have  but 
one,  and  in  a  few  species  it  requires  two  years  for  a  single  generation 
to  develop. 

The  barkbeetles  of  the  genus  Dendroctonus  represent  the  most 
destructive  enemies  of  the  principal  coniferous  tree  species  of  Ameri- 
can forests,  and  at  the  same  time  are  among  the  easiest  of  control. 
The  general  requisites  for  success  are  embodied  in  the  following  rules : 

(a)  Give  prompt  attention  to  the  first  evidence  of  a  destructive 
outbreak,  as  indicated  by  an  abnormal  percentage  of  yellow  or  red 
topped  dying  trees,  and  especially  when  such  trees  occur  in  groups  of 
ten  or  more  or  cover  large  areas ;  (b)  secure  authentic  determination 
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of  the  particular  species  of  insect  responsible  for  the  trouble;  and 
(c)  take  prompt  action  toward  its  control  according  to  specific  expert 
advice,  published  or  otherwise,  on  the  best  method  for  the  destruction 
of  the  necessary  75  per  cent  or  more  of  the  insects  in  the  infested  trees. 
Some  of  the  methods  to  be  adopted  to  meet  the  requirements  of 
various  local  conditions  are  as  follows: 

(1)  Utilize  the  infested  timber  and  bum  the  slabs  during  the 
period  in  which  the  broods  of  the  destructive  beetles  are  in  the  imma- 
ture stages  or  before  the  developed  broods  emerge  from  the  bark ;  or 

(2)  Fell  the  infested  trees  and  remove  the  bark  from  the  main 
trunk  and  bum  the  bark  if  necessary ; «  or 

(3)  Remove  the  infested  bark  from  the  standing  timber  and  bum 
the  bark  when  necessary ; «  or 

(4)  Immerse  the  unbarked  logs  in  ponds,  lakes,  or  streams,  where 
the  bark  will  remain  soaked  long  enough  to  kill  the  insects ;  or 

(5)  Remove  the  unbarked  logs  or  products  to  a  locality  where 
there  are  no  trees  liable  to  attack  within  a  radius  of  20  miles  or  more. 

Maintaining  Contbol  of  Babkbebtles. 

Future  trouble  of  a  serious  nature  from  barkbeetles  which  kill 
trees  can  be  prevented  within  a  given  forest  or  area  of  greater  or  less 
extent  if  an  insect-control  policy  is  adopted  in  connection  with,  or 
independent  of,  a  fire-control  policy  by  which  groups  of  dying  trees 
will  receive  similar  prompt  attention  as  that  required  for  the  pre- 
vention or  control  of  forest  fires. 

In  state  and  national  forests. — In  all  forest  reserves  in  which  there 
is  an  organized  force  of  rangers  and  fire  wardens  or  patrols  each 
officer  should  be  furnished  with  instructions  for  the  location  of 
beetle-infested  trees,  and  with  equipment  and  directions  for  taking 
the  necessary  action  whenever  the  conditions  demand  or  warrant  it. 

In  private  forests. — Private  forests  should  receive  the  same  attri- 
tion as  public  forests,  but  this  is  often  far  more  difficult  on  account 
of  intervening  forests  where  the  owners  either  can  not  or  will  not 
give  the  matter  the  required  attention.  While  it  may  be  advisable 
to  have  some  laws  to  govern  the  treatment  of  timber  infested  with  a 
dangerous  pest  when  the  owner  refuses  to  take  any  action,  such  a 
law  should  apply  only  to  the  more  extreme  cases  or  as  a  last  resort 
on  authoritative  advice.  It  is  probable  that  in  most  cases  legislation 
will  not  be  necessary,  and  more  ultimate  good  will  result  without 
than  with  strict  laws,  especially  when  it  can  be  made  clear  to  the 

o  If  the  broods  develop  to  adults  in  the  outer  bark,  it  must  be  burned ;  if  they 
develop  in  the  inner  bark  and  are  exposed  when  the  bark  is  removed,  burning 
is  not  necessary.  As  a  rule  the  burning  of  the  tops  to  destroy  the  insects  is 
not  necessary. 
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owner  that  his  personal  interests  demand  that  he  take  the  proper 
action  and  that,  when  necessary,  his  neighbors  will  render  assistance, 
as  is  done  in  the  case  of  a  forest  fire. 

Inaccessible  areas. — ^There  are  yet  large  inaccessible  areas  in  the 
East  and  West  where  it  is  not  practicable  or  possible  at  present  to 
control  the  depredations  by  these  beetles  and  which  must  therefore 
be  left  to  the  same  natural  adjustment  that  has  been  going  on  in 
all  forests  from  their  beginning.  While  under  such  natural  control 
much  of  the  older  matured  timber  will  be  lost  it  will  usually  be  re- 
placed by  young  growth,  either  of  the  same  species  of  trees  or  of  a 
different  species,  so  that  under  normal  conditions  the  forest  will  be 
perpetuated;  but  under  exceptional  conditions  and  combinations  of 
detrimental  influences,  such  as  secondary  insect  enemies,  fire,  and 
drought,  extensive  areas  may  be  completely  denuded,  never  to  be 
reforested  under  natural  conditions.  Therefore  it  will  evidently  not 
be  very  long  before  it  will  pay  to  adopt  insect-control  policies  even  in 
the  areas  that  are  inaccessible  for  profitable  lumbering. 

Examples  of  Successful  Ck)NTBOL  of  Babkbbetles. 

The  practicability  of  the  advice  based  on  the  results  of  recent  ento- 
mological investigations  is  demonstrated  by  a  number  of  examples  of 
successful  control  of  depredations  by  destructive  barkbeetles, 

CONTROL  OF  THE  EA8TEBI7   SPBUCE  BEETLE. 

The  control  of  an  alarming  outbreak  of  the  eastern  spruce  beetle 
in  northeastern  Maine  in  1900  and  1901  was  effected  by  the  concentra- 
tion of  regular  logging  operations  into  the  areas  of  infested  timber 
and  placing  the  logs  in  lakes  and  streams  and  driving  them  to  the 
mills  on  the  Androscoggin  River.  Thus,  with  little  or  no  additional 
expense,  there  was  a  saving  to  one  firm,  according  to  its  estimates, 
of  more  than  $100,000. 

CONTBOL  OF  THE  BICKOBT  BABKBEETLE. 

The  complete  control  of  the  hickory  barkbeetle,  which  threatened 
the  total  destruction  of  the  hickory  trees  on  Belle  Isle  Park,  at  Detroit, 
Mich.,  in  1903,  was  effected  by  felling  and  removing  the  infested  trees 
and  converting  them  into  merchantable  products,  all  without  cost  to 
the  park  commission. 

CONTBOL  OF  THE   BLACK   BILLS  BEETLE. 

An  extensive  outbreak  of  the  Black  Hills  beetle  in  the  vicinity  of 
Colorado  Springs,  Colo.,  in  1905-6,  which  was  threatening  the  living 
pine  timber  of  the  entire  section,  was  brought  under  control  through 
the  efforts  of  the  private  owners  of  forests  and  those  of  forest  offi- 
cials in  the  adjoining  National  Forests.    It  was  accomplished  ^^^ 
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cutting  and  barking  about  1,000  beetle-infested  and  beetle-killed  pine 
trees.  The  cost  of  the  operations  was  largely,  if  not  entirely,  cov- 
ered by  the  utilized  felled  timber,  although  there  was  considerable 
unnecessary  expense  involved  through  the  felling  and  barking  of 
trees  from  which  the  beetles  had  emerged  and  from  the  unnecessary 
burning  of  the  bark  and  tops. 

The  successful  control  of  another  serious  outbreak  of  this  beetle,  in 
1906,  on  an  extensive  private  estate  in  southern  Colorado,  was  effected 
through  the  efforts  of  the  owners,  who  had  some  500  infested  trees 
felled  and  barked  within  the  necessary  period  to  destroy  the  broods. 
A  large  percentage,  but  not  all,  of  the  infested  timber  was  thus 
treated.  These  operations  were  so  successful  that  not  a  single  in- 
fested and  dying  tree  could  be  found  when  the  area  was  inspected  in 
1908.  In  this,  as  in  the  other  case,  considerable  unnecessary  expense 
was  involved  in  the  burning  of  the  bark  and  tops,  but  the  value  of 
utilizable  timber  was  probably  more  than  enough  to  pay  all  expenses. 
It  is  evident  that  in  this  case  a  destructive  invasion  was  prevented. 

The  practicability  of  controlling  this  most  destructive  enemy  of  the 
pine  timber  of  the  central  Rocky  Mountain  region,  not  only  without 
ultimate  cost  but  at  a  profit  on  the  operations,  was  demonstrated  on 
a  large  private  estate  and  the  adjoining  Pike  National  Forest  in 
north-central  Colorado.  An  examination  of  the  timber  on  this  estate 
in  the  spring  of  1907,  by  a  ranger  detailed  from  the  Forest  Service  to 
work  under  instructions  from  the  Bureau  of  Entomology,  showed 
that  the  depredations  by  the  beetle  had  been  going  on  for  the  past  ten 
years  or  more  and  had  resulted  in  the  death  of  the  choicest  timber  to 
the  extent  of  more  than  800,000  board  feet.  About  65,000  board  feet 
of  timber  was  found  to  be  infested  by  the  beetle  at  the  time  of  the  ex- 
amination. The  owner  was  notified  by  the  Bureau  of  Entomology 
of  the  dangerous  character  of  the  infestation  and  the  required  action 
for  its  control  was  recommended,  but  no  action  was  taken.  Another 
examination  of  the  property  was  made  in  the  fall  of  1907,  when  it 
was  found  that  the  new  infestation  resulting  from  swarms  of  beetles 
that  had  been  allowed  to  emerge  from  the  old  infested  trees  involved 
nearly  four  times  as  much  timber,  or  240,000  board  feet.  This  alarm- 
ing increase  led  to  the  prompt  adoption  of  the  recommendations 
by  the  owner  and  the  Forest  Service,  and  by  May  of  the  following 
spring  (1908)  the  small  number  of  trees  on  the  National  Forest  was 
cut  and  barked,  to  kill  the  insects  in  the  inner  bark,  and  the  1,000 
trees  on  the  private  estate  were  felled,  the  logs  converted  into  lumber, 
and  the  slabs  burned,  which  accomplished  the  desired  purpose  of  de- 
stroying the  broods  of  the  beetle.  The  owner  realized  a  sufficient 
revenue  from  the  timber  thus  involved  to  cover  all  expenses  and  leave 
a  net  profit  of  over  $1,200.  Examination  of  the  area  in  the  fall  of 
1908  showed  that  this  prompt  and  properly  condjicJ|d(^ffort  to  con- 
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trol  the  beetle  was  a  complete  success.  Thus  the  average  death  rate 
of  some  100,000  feet  of  timber  annually  during  the  past  ten  or  more 
years  was  reduced  to  a  minimum,  at  a  net  profit  on  the  cost  of  doing  it. 

In  addition  to  infested  trees  disposed  of  by  the  Forest  Service  in 
timber  sales,  165  infested  trees  in  one  section  of  the  Las  Animas 
National  Forest  were  cut  and  barked  in  May  and  June,  1908,  at  a 
direct  cost  of  $177.50,  and  at  the  same  time  a  considerable  amount  of 
infested  timber  was  disposed  of  by  sale  in  the  Wet  Mountains  section 
of  the  San  Isabel  National  Forest.  This  had  a  decided  effect  in 
checking  the  ravages  of  the  beetle  in  both  of  these  forests  and -it  was 
followed  up  in  the  latter  forest  the  next  spring  (1909)  by  the  proper 
disposal  of  over  1,000  infested  trees  by  free  use,  ranger  labor,  and 
direct  expenditure  of  funds  appropriated  by  the  Forest  Service. 
According  to  the  forest  supervisor's  report,  80.7  per  cent  of  the 
infested  trees  were  treated,  ranging  from  70  per  cent  to  92.5  per  cent 
on  the  five  units  of  infestation;  795  trees  were  treated  (535  barked, 
and  260  felled  and  bark  scorched)  at  the  expense  of  the  Forest  Serv- 
ice, including  salary  and  expenses  of  rangers.  The  cost  per  tree  was 
about  60  cents  for  felling  and  barking,  and  ranged  from  52  to  78 
cents  for  felling  and  scorching  the  bark  on  the  infested  trunks.  The 
average  cost  per  tree  was  68.2  cents.  Six  himdred  and  twenty-six 
trees  were  treated  by  temporary  labor,  at  an  average  cost  of  61  cents 
per  tree  under  contract  at  $1.50  to  $2  per  hundred  feet  in  length  of 
trunk  peeled.  The  same  rate  was  allowed  for  scorching  the  infested 
bark  instead  of  removing  it.  Two  hundred  and  seventy-five  trees 
were  treated  under  administrative  use  without  cost  to  the  Forest 
Service. 

In  September,  1909,  a  very  thorough  examination  was  made  of 
the  timber  in  and  adjacent  to  the  areas  involved  in  the  control  opera- 
tions, and  it  was  found  that  the  thorough,  prompt,  and  proper  manner 
in  which  the  instructions  of  the  Bureau  of  Entomology  were  carried 
out  in  this  case  resulted  in  bringing  the  beetle  under  complete  control. 
Only  7  trees  had  been  successfully  attacked  by  the  beetles  which  had 
emerged  from  some  400  infested  trees  which  were  not  cut  during  the 
previous  control  operations.  Over  100  trees  were  found  that  had 
been  attacked  by  the  beetles,  but,  owing  to  the  limited  number  of 
the  latter,  the  trees  were  able  to  resist  them  and  recover. 

It  is  now  evident  that  the  control  operations  carried  on  in  southern 
Colorado  during  the  past  three  years,  on  the  Trinchera  estate  near 
Fort  Garland  in  1906,  in  the  Las  Animas  National  Forest  and  Wet 
Mountains  section  of  the  San  Isabel  National  Forest  in  1908,  and 
the  more  extensive  work  in  the  latter  area  in  1909,  had  a  far-reaching 
effect  in  bringing  the  Black  Hills  beetle  under  control  within  the 
forested  areas  of  southern  Colorado,  and  that  the  loss  of  timber 
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8  INSECTS  WHICH  KILL  FOREST  TREES. 

from  this  source,  amounting  to  an  average  of  some  300,000  board  feet 
annually,  has  been  reduced  to  a  minimum. 

These  results  mark  the  most  important  events  in  the  control  of 
forest  insects  in  this  country  and  serve  as  striking  demonstrations  of 
what  can  be  accomplished  when  cooperative  efforts  are  directed  slong 
the  proper  lines  and  based  on  the  results  of  sdoitific  investigation. 
The  attainment  of  these  results  was  due  to  three  important  factors: 
First,  a  knowledge  of  the  insects  on  which  the  recommendations  by 
the  Bureau  of  Entomology  were  based ;  second,  a  knowledge  of  local 
conditions  and  requirements  and  of  the  habits  of  the  insects  in  rela- 
tion to  newly  infested  trees,  which  enabled  a  forest  ranger  to  locate 
the  infested  trees  and  give  instructions  to  the  forest  officials  in  regard 
to  such  locations  and  the  essential  details  in  the  recommendations; 
third,  a  prompt  and  proper  practical  application  by  the  Forest  Serv- 
ice of  the  recommendations  according  to  improved  forestry  methods 
to  meet  the  requirements  of  a  forestry  problem. 

Ten  years  ago  it  would  have  been  absolutely  impossible  to  have 
accomplished  this  result,  owing  to  the  utter  lack  of  knowledge  of  the 
first  two  of  these  features,  and  at  the  present  time  it  would  have 
been  impossible  without  the  assistance  of  the  Forest  Service. 

CONTROL  OF  THE   MOUNTAIN   PINE  BEETLE. 

A  very  threatening  outbreak  of  the  mountain  pine  beetle  was  lo- 
cated, in  1909,  in  the  Snowy  Mountains  section  of  Montana,  adjacent 
to  and  within  the  Jefferson  National  Forest,  involving,  at  the  time, 
more  than  1,500  infested  and  dying  trees.  The  infestation  included 
timber  on  the  National  Forest,  public  domain,  state  lands,  and  private 
lands,  thus  involving  a  complication  of  federal,  state,  and  private 
interests  with  which  to  deal  in  securing  the  required  action.  The 
case  was  so  successfully  managed  that  an  agent  of  the  Bureau,  Mr. 
Josef  Brunner,  was  placed  in  complete  charge  to  carry  out  the  recom- 
mendations and  instructions  of  this  Bureau,  and,  through  the  aid  of 
the  Forest  Service,  state  officials,  and  private  owners,  1,355  infested 
trees  were  cut  and  barked  to  kill  the  broods  of  beetles.  The  cutting 
was  started  about  June  15,  1909,  and  was  completed  about  July  24 
of  the  same  year.  Four  hundred  and  twenty-two  trees  were  cut  at 
private  expense,  783  at  the  expense  of  the  Forest  Service,  and  the  re- 
mainder by  local  owners.  The  average  cost  for  felling  and  removing 
the  bark  from  the  infested  portion  of  the  trunk  was  30  cents  per  tree. 

Early  in  December,  1909,  a  careful  examination  was  made  of  the 
area  for  evidence  of  new  infestation.  It  was  found  that,  while  some 
56  trees  had  been  attacked  by  the  mountain  pine  beetle,  the  broods 
were  being  destroyed  by  woodpeckers  and  other  natural  enemies,  and 
that,  therefore,  the  efforts  to  control  the  beetle  depredations  were  a 
complete  success. 
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The  examples  of  practical  control  given  above  have  demonstrated  at 
least  two  important  facts :  One,  that  extensive  outbreaks  by  two  of  the 
most  destructive  bark-beetle  enemies  of  the  pine  timber  of  the  Rocky 
Mountain  forests  can  be  controlled  at  moderate  expense  when  the  tim- 
ber is  not  accessible  for  utilization,  or  at  a  profit  whenever  the  condi- 
tions are  favorable  for  the  utilization  of  the  infested  timber ;  the  other, 
that  the  essential  details  of  the  recommendations  and  expert  advice, 
based  on  the  results  of  scientific  research,  can  be  successfully  applied  by 
a  manager  of  a  private  forest  or  by  the  rangers  of  national  and  state 
forests.  Furthermore,  these  results  indicate  quite  conclusively  that 
the  widespread  depredations  in  the  Black  Hills  National  Forest  could 
have  been  prevented  with  very  little  expense  to  the  Government  if  the 
matter  had  received  prompt  attention  in  1901,  when  the  first  investi- 
gations were  made  and  essentially  the  same  recommendations  sub- 
mitted as  in  the  cases  mentioned.  Failure  to  do  so  was  through  the 
lack  of  public  appreciation  of  the  importance  of  the  problem  at  the 
time  and  the  lack  of  sufficient  authority  and  funds  later.  Therefore 
the  outbreak  was  allowed  to  extend  beyond  practical  control,  and  in 
consequence  a  large  percentage  of  the  timber  of  the  entire  National 
Forest  has  been  killed.  There  were  then  no  forcible  examples  of  the 
practical  value  of  recommendations  based  on  scientific  research,  and 
no  other  argument  was  effective  in  arousing  public  interest  in  the 
threatening  character  of  the  outbreak  or  confidence  in  the  advice  and 
methods  of  control.  Now  that  the  practicability  of  controlling  the 
most  destructive  insect  enemies  of  North  American  forests  has  been 
demonstrated,  this  should  lead  to  a  more  general  interest  in  the  subject 
and  confidence  in  the  results  of  scientific  research  as  a  basis  for  success 
in  practical  application. 

Approved : 

James  Wilson, 

Secretary  of  Agriculture. 
Washington,  D.  C,  October  7, 1910. 
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Circular  No.  1 26.  Inaed  November  16, 1910. 

United  States  Department  of  Agriculture, 

BUREAU  OP  ENTOMOLOGY. 

L.  O.  HOWARD,  Bntomolo^st  and  Chief  of  Bureau. 


INSECT  INJURIES  TO   THE  WOOD   OF  LIVING  TREES.* 

By  A.  D.  Hopkins, 
In  Charge  of  Forest  Insect  Investigations. 

It  has  been  determined  that  insects  of  a  certain  class  attack  the 
wood  and  bark  of  living  timber  and  that,  while  they  do  not  con- 
tribute materially  to  the  death  of  the  trees  or  give  much  external 
evidence  of  their  presence,  they  produce  wounds  in  the  bark  and 
wormhole  and  pinhole  defects  in  the  wood  which  result  in  a  depre- 
ciation in  commercial  value  amounting  to  from  5  to  50  per  cent. 
These  defects  in  the  wood  are  not  detected  until  after  the  trees  have 
been  felled  and  the  logs  transported  to  the  mill  and  converted  into 
lumber.  Thus  to  the  actual  damage  to  the  lumber  is  added  the 
expense  of  logging  and  manufacture  of  the  defective,  low-grade 
material,  much  of  which  must  be  discarded  as  worthless  culls. 

The  oak  timber  worm. — One  of  the  niost  destructive  of  the  class  of 
depredators  just  mentioned  is  the  oak  timber  worm.  It  enters  the 
wood  of  the  trunks  of  living  trees  through  wounds  in  the  bark  and 
at  the  base  of  broken  or  dead  branches  and  extends  its  "pinhole" 
burrows  in  all  directions  through  the  solid  heartwood.  The  losses 
occasioned  by  this  insect  in  the  hardwood  forests  of  the  eastern  United 
States  are  enormous  and  usually  affect  the  wood  of  the  finest  ex- 
amples of  old  trees. 

The  chestnut  timber  worm. — The  chestnut  throughout  its  range  is 
damaged  in  a  like  manner  by  the  chestnut  timber  worm.  Practically 
every  tree  of  merchantable  size  is  more  or  less  affected,  and  a  large 
percentage  is  so  seriously  damaged  that  the  product  is  reduced  to  that 
of  the  lowest  grade.  It  is  estimated  that  the  reduction  in  value  of  the 
average  lumber  product  at  any  given  time  is  not  far  from  30  per  cent, 

<»  Revised  extracts  from  Bulletin  No.  58,  Part  V,  Bureau  of  Entomology,  U.  S. 
Department  of  Agriculture.    1909. 
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thus  involving  extensive  waste  and  an  increased  drain  on  the  forest 
to  supply  clear  lumber.  This  insect  also  attacks  the  oaks,  and  espe- 
cially the  red  oak,  the  older  trees  of  which  are  often  as  seriously 
damaged  as  are  the  chestnut. 

Carpenter  worms. — ^The  oaks,  especially  the  white  oak  and  the  red 
oak,  are  seriously  damaged  by  carpenter  worms  of  the  genus  Prion- 
oxystus.  The  holes  made  by  these  insects  through  the  heartwood  of 
the  best  part  of  the  trunks  are  sometimes  1.5  inches  in  diameter  one 
way  by  0.75  inch  the  other,  thus  causing  serious  damage  to  the  wood. 
These,  with  other  large  wood-boring  beetle  larvae,  sometimes  infest 
the  top  part  of  the  trunk  and  the  larger  branches  of  oak  trees,  where 
their  continued  work  results  first  in  the  dead  and  so-called  "  stag- 
horn  "  top  and  subsequently  in  broken,  decayed,  and  worthless  trunks. 

Ambrosia  beetles. — One  of  the  commonest  defects  in  white  oak,  rock 
oak,  beech,  whitewood  or  yellow  poplar,  elm,  etc.,  is  that  known  to  the 
lumber  trade  as  "  grease  spots,"  "  patch  worm,"  and  "  black  holes." 
This  defect  is  caused  by  one  of  the  timber  beetles  or  ambrosia  beetles, 
which  makes  successive  attacks  in  the  living  healthy  sapwood  from 
the  time  the  trees  are  20  or  30  years  old  until  they  reach  the  maximum 
age.  Thus  the  black-hole  and  stained-wood  defect  is  scattered  all 
through  the  wood  of  the  best  part  of  the  trunks  of  the  trees.  The 
average  reduction  in  value  of  otherwise  best-grade  lumber  amounts, 
in  many  localities,  to  from  25  to  75  per  cent.  The  defect  is  commonly 
found  in  oak  and  elm  furniture  and  in  interior  hardwood  finish  in 
dwellings  and  other  buildings. 

The  locust  borer. — The  locust,  as  is  well  known,  suffers  to  such  an 
extent  from  the  ravages  of  the  locust  borer  that  in  many  localities  the 
trees  are  rendered  worthless  for  commercial  purposes  or  they  are 
reduced  in  value  below  the  point  of  profitable  growth  as  a  forest  tree ; 
otherwise  this  would  be  one  of  the  most  profitable  trees  in  the  natural 
forest  or  artificial  plantation  and  would  contribute  greatly  to  an  in- 
creased timber  supply. 

Turpentine  beetles  and  turpentine  borers. — ^While  the  softwood 
trees,  or  conifers,  suffer  far  less  than  the  hardwoods  from  the  class 
of  enemies  which  cause  defects  in  the  living  timber,  there  are  a  few 
notable  examples  of  serious  damage.  There  is  a  common  trouble 
affecting  the  various  species  of  pine  throughout  the  country  known 
as  basal  wounds  or  basal  fire  wounds.  It  has  been  found  that' a  large 
percentage  of  this  injury  to  the  pine  in  the  States  north  and  west  of 
the  Gulf  States  and  in  the  Middle  and  South  Atlantic  States  is 
caused  by  the  red  turpentine  beetle  and  in  the  Southern  States  by 
the  black  turpentine  beetle.  These  beetles  attack  the  healthy  living 
bark  at  and  toward  the  base  of  the  trunks  of  medium  to  large  trees 
and  kill  areas  varying  in  size  from  1  to  10  square  feet    These  dead 
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areas  are  subsequently  burned  off  by  surface  fires  and  are  then  gen- 
erally referred  to  as  fire  wounds..  The  further  damage  to  the  ex- 
posed wood  by  successive  fires,  decay,  and  insects  often  results  in  a 
total  loss  of  the  best  portion  of  the  tree,  or  a  reduction  in  value  of  the 
lower  section  of  the  trunk  of  from  10  to  60  per  cent.  These  and 
similar  wounds  in  the  bark  of  trees,  including  those  caused  by  light- 
ning and  by  the  uncovering  and  exposure  of  the  wood  in  turpentin- 
ing, offer  favorable  conditions  for  the  attack  of  the  turpentine  borer, 
the  work  of  which,  together  with  that  of  two  or  three  others  with 
similar  habits,  is  very  extensive,  and  causes  losses  amounting  to  from 
10  to  60  per  cent  of  the  value  of  the  wood  of  the  best  part  of  the  trees 
thus  affected. 

The  white  pine  weevil. — The  abnormal  development  of  white  pine 
trees  as  the  result  of  successive  attacks  on  the  terminals  of  the  sap- 
lings and  young  trees  by  the  white  pine  weevil  is  an  element  of  loss 
of  considerable  importance,  especially  in  mixed  stands  and  in  open 
pure  stands  of  this  timber.  The  value  of  such  trees  is  reduced  from 
20  to  60  per  cent  below  those  of  normal  development,  and  there  is  an 
additional  loss  from  the  effect  of  their  spreading  branches  or  crowns 
in  the  suppression  or  crowding  out  of  trees  which  would  otherwise 
occupy  the  space  thus  usurped. 

There  are  many  other  examples  of  insects  which  damage  the  wood 
and  bark  of  living  trees,  but  those  mentioned  should  be  sufficient  to 
demonstrate  the  importance  of  insects  in  this  relation. 

CONTROL  OF  INSECTS  WHICH  CAUSE  DEFECTS  IN  LIVING  TIMBER.^ 

The  class  of  insects  which  cause  defects  in  the  wood  of  living  timber 
can  be  controlled  to  a  greater  or  less  extent,  depending  upon  local  con- 
ditions, and  a  large  percentage  of  the  losses  prevented  through  the 
adoption  of  certain  requisite  details  in  forest  management,  among 
which  the  following  are  especially  important : 

(1)  The  utilization  of  all  of  the  defective  and  infested  timber 
that  will  pay  expenses  for  manufacture  into  merchantable  products, 
such  as  lumber,  cordwood,  etc. 

(2)  The  burning  of  infested  timber  and  waste  material  not  avail- 
able for  use,  including  dead  standing  and  fallen  timber,  to  remove 
the  breeding  places  of  insects  like  the  oak  timber  worm  and  the 
chestnut  timber  worm,  which  go  from  the  dead  to  the  living  timber. 

(3)  The  prevention  of  wounds  of  any  kind  in  the  bark  of  living 
trees. 

<*  For  methods  of  controlling  the  locust  borer  and  whi^e  pine  weevil,  see 
Circulars  83  and  00,  respectively,  of  the  Bureau  of  Entomology,  U.  S.  Depart- 
ment of  Agriculture. 
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(4)  The  prevention  of  future  losses  by  the  practice  of  improved 
forestry  methods  to  eliminate  favorable  conditions  for  injury  and  con- 
tribute to  a  perpetual  supply  of  vigorous,  healthy  timber  to  be  utilized 
before  it  passes  the  stage  of  profitable  increment. 

It  should  be  remembered  that  the  different  species  of  insects  which 
cause  defects  in  the  wood  of  living  timber  require  different  details  in 
the  methods  of  control,  and  that  special  cases,  special  local  conditions, 
and  details  in  business  methods  and  requirements  determine  which 
one  of  the  available  methods  should  be  adopted. 

It  should  also  be  remembered  that  in  the  more  important  cases  much 
loss  of  time  and  money  may  be  prevented  and  the  best  success  attained 
by  first  securing  some  authoritrftive  advice  on  the  insects  involved 
and  the  specific  requirements  fo?  the  control  work. 

Approved : 
James  Wilson, 

Secretary  of  Agriculture. 
Washington,  D.  C,  October  7, 1910. 
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Circular  flo.  1 27.  laroe^  December  7, 1910. 

United  States  Department  of  Agriculttire, 

BUREAU  OP  mTOMOI.OQY. 

L.  O.  HOWARD,  Entomologist  and  Chi«f  of  Bureau. 


INSECT  INJIJBIGS  TO  THE  WOOD  OF  DYOO  AND  BEAD 

TREES.* 

By  A.  D.  Hopkins, 
In  C^rpe  of  Forest  Insect  IrweHiffations. 

Timber  dying  from  insect  attack  and  other  causes,  including  fire, 
disease,  storms,  etc.,  is  attacked  by  certain  wood-boring  insects  which 
extend  their  burrows  through  the  sound  sapwood  and  heartwood,  and 
thus  contribute  to  the  rapid  deterioration  and  decay  of  a  commodity 
which  otherwise  would  be  available  commercially  during  periods  of 
from  one  to  twenty  years  or  more  after  the  death  of  the  trees,  depend- 
ing on  the  species  of  trees  and  on  the  character  of  the  product  desired. 
This  loss  often  amounts  to  from  25  to  100  per  cent  during  the  period 
in  which  the  dead  timber  would  otherwise  be  almost  as  valuable  as  if 
living. 

CONIFEROUS   TREES. 

Sawyers. — One  of  the  most  striking  examples  of  the  destruction  or 
deterioration  of  the  wood  of  dying  and  dead  timber,  familiar  to  all 
lumbermen,  is  the  injury  to  fire-killed  and  storm-felled  pine,  fir, 
spruce,,  etc.,  caused  by  boring  larvae  known  as  "sawyers."  These 
borers  hatch  from  eggs  deposited  by  the  adult  beetles  in  the  bark  of 
the  dying  trees,  and  after  feeding  on  the  inner  bark  for  a  time  they 
enter  the  solid  wood  and  extend  their  large  burrows  deep  into  the 
heartwood.  Fire-killed  white  pine  is  especially  liable  to  this  injury, 
and  is  often  so  seriously  damaged  within  three  or  four  months  during 
the  warm  season  as  to  reduce  the  value  of  the  timber  30  to  50  per  cent. 
The  shortleaf,  loblolly,  and  longleaf  pines  of  the  Southern  States  are 

«  Revised  extracts  from  BuUetln  No.  58,  Part  V,  Bureau  of  Entomology,  U.  S. 
Department  of  Agriculture,  1909. 
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damaged  to  a  somewhat  less  extent,  but  instances  are  known  in  which 
more  than  one  billion  feet  of  storm-felled  timber  within  limited  areas 
were  reduced  in  value  25  to  35  per  cent  within  three  months  after  the 
storm.  The  fire-killed  and  insect-killed  sugar  pine,  silver  pine,  and 
yellow  pine  of  the  western  forests  are  also  damaged  in  a  similar  man- 
ner and  the  value  of  the  product  greatly  reduced  within  a  few  months 
after  the  trees  die.  The  aggregate  losses  from  this  secondary  source 
in  the  coniferous  forests  of  the  entire  country  contribute  largely  to  the 
annual  waste  of  millions  of  dollars'  worth  of  forest  products  which 
otherwise  might  be  utilized. 

Ambrosia  beetles. — ^Wood-boring  insects  of  another  class,  known  as 
timber  beetles  or  ambrosia  beetles,  cause  pinhole  defects,  principally 
in  the  sapwood,  although  some  of  them  extend  their  burrows  into  the 
heartwood.  These  insects  make  their  attack  in  the  early  stage  of  the 
declining  or  dying  of  the  tree,  or  before  the  sapwood  has  materially 
changed  from  the  normal  healthy  condition,  and  often  in  such  num- 
bers as  to  perforate  every  square  inch  of  wood.  Thus  the  wood  is 
not  only  rendered  defective  on  account  of  the  presence  of  pinholes, 
but  the  holes  give  entrance  to  a  wood-staining  fungus  which  causes  a 
rapid  discoloration  and  produces  still  further  deterioration  of  the 
product. 

The  sapwood  of  trees  dying  from  the  attack  of  other  insects  or 
from  fire,  storm,  or  other  causes  is  often  reduced  in  value  50  per  cent 
or  more,  and  in  some  cases  the  value  of  the  heartwood  is  reduced  in  a 
like  manner  from  5  to  10  per  cent. 

Pinhole  borers  in  cypress. — An  example  of  the  destructive  work 
of  insects  which  attack  dying  and  dead  trees  is  found  in  the  cypress 
in  the  Gulf  States,  where  these  trees  are  deadened  by  the  lumbermen 
and  left  standing  several  months,  or  mitil  the  timber  is  sufficiently 
dry  to  be  floated.  Upon  investigation  it  was  found  that  trees  dead- 
ened at  certain  seasons  of  the  year  were  attacked  by  the  ambrosia 
beetles,  or  pinhole  borers,  and  that  in  some  cases  millions  of  feet  of 
timber  had  been  reduced  10  to  25  per  cent  or  more  in  value.** 

HARDWOOD  TREES. 

Roundheaded  borers^  timber  worms^  and  ambrosia  beetles. — The 
principal  damage  to  dying  and  dead  hardwood  trees  is  caused  by  cer- 
tain roundheaded  wood-borers  (Cerambycidae)  with  habits  similar  to 
the  sawyer,  by  the  timber  worms  mentioned  as  damaging  living  tim- 
ber, and  by  ambrosia  beetles  having  habits  similar  to  those  that  attack 
the  sapwood  and  heartwood  of  conifers.  All  of  the  hardwoods  suffer 
more  or  less,  but  the  greatest  damage  is  done  to  the  wood  of  hickory, 

«  For  methods  of  preventing  pinhole  Injury  to  girdled  cypress  see  Circular  No. 
82  of  the  Bureau  of  Entomology,  U.  S.  Department  of  Agriculture./^  t 
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ash,  oak,  and  chestnut,  which  are  often  reduced  in  value  10  to  25  per 
cent  or  more  within  the  period  in  which  it  would  otherwise  remain 
sound  and  available  for  commercial  purposes. 

PREVENTION  OF  INJURY  TO  DYING  AND  DEAD  TREES. 

A  large  percentage  of  the  injury  to  the  wood  of  insect,  fire,  and 
lightning  killed  trees  and  those  killed  or  dying  from  injuries  by 
storms,  disease,  etc.,  can  be  prevented  as  follows: 

(1)  By  the  prompt  utilization  of  such  timber  within  a  few  weeks 
or  months  after  it  is  dead  or  found  to  be  past  recovery. 

(2)  By  removing  the  bark  from  the  merchantable  portions  of  the 
trunks  within  a  few  weeks  after  the  trees  are  dead  (the  work  to  be 
done  either  before  or  after  the  trees  are  felled). 

(3)  By  felling  the  trees  and  placing  the  unbarked  logs  in  water. 

(4)  By  the  adoption  of  a  system  of  forest  management  which  will 
provide  for  the  prompt  utilization  of  all  trees  which  die  from  any 
cause. 

Approved : 

James  Wilson, 

Secretary  of  Agriculture. 

Washington,  D.  C,  October  7, 1910. 
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Circular  No.  1 29.  Issaed  November  25, 1010. 

United  States  Department  of  Agriculture, 

BUREAU  OF  ENTOMOLOGY. 
L.  O.  HOWARD,  Entomologist  and  Chief  of  Bureau. 


INSECTS  IN  THEIB  RELATION  TO  THE  REDUCTION  OP 
FUTURE  SUPPLIES  OF  TIMBER,  AND  GENERAL  PRIN- 
CIPLES OF  CONTROL.^ 

By  A.  D.  Hopkins, 
In  Charge  of  Forest  Insect  Investigations, 

Insects  not  only  reduce  future  supplies  of  timber  by  killing  the  ma- 
ture trees  and  destroying  the  wood  of  timber  that  is  inaccessible  for 
utilization,  but  through  injuries  inflicted  upon  trees  during  the  flow- 
ering, fruiting,  germinating,  seedling,  and  sapling  periods  of  early 
growth  they  prevent  normal  reproduction  and  development. 

INTERRELATIONS  OP  FOREST   INSECTS   AND   FOREST  FIRES. 

Investigations  conducted  by  the  writer  and  assistants  in  all  sections 
of  the  country  during  the  past  ten  years  indicate  to  them  quite  con- 
clusively that  the  average  percentage  of  loss  of  merchantable  timber 
in  the  forests  of  the  entire  country  to  be  charged  to  insects  during  a 
five  or  ten  year  period  is  infinitely  greater  than  most  people  realize. 

Losses  from  forest  insects. — The  writer  estimates  that  for  a  ten- 
year  period  the  average  amount  of  timber  in  the  forests  of  the  entire 
country  killed  and  reduced  in  value  by  insects  would  represent  an 
average  loss  of  $62,500,000  annually.^ 

It  has  been  estimated  that  the  Black  Hills  beetle  killed  approxi- 
mately 1,000,000,000  feet  B.  M.  of  timber  during  a  period  of  ten  years, 
which  at  $2.50  per  thousand  would  amount  to  an  average  of  $250,000 
annually.  This  is  merely  one  example  of  very  destructive  depreda- 
tions by  a  single  species  of  barkbeetle  in  a  single  National  Forest.^ 

"Revised  extracts  from  Bulletin  No.  58,  Part  V,  Bureau  of  Entomology, 
United  States  Department  of  Agriculture. 

*  Losses  from  forest  fires, — It  has  been  estimated  that  "  on  the  average,  since 
1870,  forest  fires  have  yearly  cost  $60,000,000  in  timber."  (Cleveland,  T.,  jr.. 
Circular  167.  Forest  Service,  United  States  Department  of  Agriculture,  p.  3.) 

^  It  has  been  estimated  that  the  losses  of  timber  from  forest  fires  on  all  of 
the  National  Forests  of  the  United  States  from  1905  to  1908,  inclusive,  average 
only  $1G5,062  annually.  (Cleveland,  T.,  jr..  Yearbook  United  States  Department 
of  Agriculture  for  1908,  p.  541.) 
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Prof.  Lawrence  Bruner,  state  entomologist  of  Nebraska,  at  a  meet- 
ing of  the  American  Association  of  Economic  Entomologists,  held  at 
Baltimore,  Md.,  in  December,  1908,  spoke  as  follows:  "I  can  agree 
with  Doctor  Hopkins  that  the  insects  are  far  more  important  in 
destroying  our  forests  than  fires." 

Insect-killed  tirriber  as  fuel  for  fires. — ^It  has  often  happened  that 
after  insects  have  killed  the  timber  over  extensive  areas  the  standing 
and  fallen  dead  trees  furnished  fuel  for  great  forest  fires  which  have 
not  only  destroyed  or  charred  the  dead  timber  but  killed  the  living 
timber  and  reproduction  and  swept  on  into  adjacent  areas  of  healthy 
timber.  Indeed,  abundant  evidence  has  been  found  during  recent  in- 
vestigations to  indicate  that  some  of  the  vast  denuded  areas  in  the 
Eoclrp  Mountains  and  other  sections  of  the  country  are  primarily  due 
to  widespread  devastation  by  insects,  and  that  subsequent  fires  de- 
stroyed the  timber  and  prevented  reproduction. 

It  is  also  evident  that  a  considerable  percentage  of  dead  timber,  and 
especially  that  found  in  coniferous  forest  regions,  which  has  generally 
been  believed  to  have  been  fire-killed  is  a  result  of  primary  attack  by 
insects.  This  has  been  demonstrated  in  many  cases  by  the  pitch- 
marked  galleries  of  the  destructive  barkbeetles  on  the  surface  of  the 
wood  of  the  old  dead  trees  which  had  escaped  subsequent  fires. 

Fire-killed  timber  injured  by  insects, — It  is  true  that  a  vast  amount 
of  timber  has  been  killed  outright  or  has  died  as  the  direct  result  of 
forest  fires,  but  in  almost  every  case  observed  insects  have  contributed 
to  a  greater  or  less  extent  to  the  death  of  recently  fire-injured  trees 
which  might  otherwise  have  recovered,  and  especially  to  the  rapid 
deterioration  of  the  wood  of  a  large  percentage  of  the  injured  and 
killed  trees.  It  is  evident  that  in  some  cases  fire-scorched  and  fire- 
killed  timber  has  contributed  to  the  multiplication  of  one  or  more  of 
the  insect  enemies  destructive  to  living  timber,  and  thus  the  injury 
started  by  the  fire  may  have  resulted  in  a  destructive  outbreak  of 
beetles.  However,  it  is  evident  that  this  has  happened  only  when  tiie 
destructive  beetle  was  already  present  in  abnormal  numbers  in  the 
forest  surrounding  the  fire-swept  area.  Therefore,  it  is  believed 
that  injuries  by  fire  are  not  as  a  rule  an  important  factor  in  contrib- 
uting to  subsequent  depredations  by  barkbeetles.  Such  fires,  how- 
ever, contribute  to  the  multiplication  of  the  insects  which  depredate 
on  the  bark  and  wood  of  dying  and  dead  trees,  so  that  in  forested 
areas  where  fires  are  frequent  the  damage  to  the  wood  of  such  trees 
is  more  severe,  and  fewer  injured  trees  recover  on  account  of  the 
abundance  of  secondary  barkbeetle  enemies  which  do  not,  as  a  rule, 
attack  and  kill  living  timber. 

Destruction  of  insects  by  fire, — There  is  another  important  feature 
in  the  relation  of  insects  and  fire,  in  which  the  fire  contributes  to  the 
destruction  of  the  principal  barkbeetle  enemies  of  the  Uvinff  timber. 
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This  happens  when  the  fire  burns  the  timber  while  it  is  infested,  thus 
effectually  destroying  the  broods  of  the  insects.  It  is  perfectly  plain 
that  the  dying  and  dead  foliage  of  the  beetle-infested  trees  and  the 
dead  bark  on  the  trunks  would  contribute  to  the  spreading  of  crown 
fires  and  thus  the  bark  on  the  entire  infested  trunks  would  be  suffi- 
ciently scorched  to  kill  the  insects.  Therefore,  complete  fire  control 
may  easily  contribute  to  more  extended  depredations  by  insects  on  the 
living  timber,  thus  increasing,  rather  than  diminishing,  the  need  for 
insect  control.  However,  the  setting  of  fires  or  permitting  them  to 
bum  for  the  purpose  of  combating  insects  should  never  be  undertaken 
or  permitted. 

Durability  of  insect-kiUed  timber. — Some  of  the  matured  larch 
trees  which  evidently  died  as  a  result  of  defoliation  by  the  larch 
worm  between  1881  and  1885,  and  which  had  escaped  subsequent 
depredations  by  fire  and  wood-boring  insects,  were  found  by  the 
writer  in  1908  to  be  standing  and  sound  enough  to  be  utilized  for 
railroad  ties  and  many  other  purposes.  Under  similar  conditions  the 
heartwood  of  red  spruce  and  white  pine  in  the  East,  of  Engelmann 
spruce  in  the  Rocky  Mountains,  and  of  Douglas  fir  in  the  Northwest 
coast  region  have  been  found  by  the  writer  to  be  sound  enough  for 
profitable  utilization  for  pulp  wood,  lumber,  fuel,  and  other  pur- 
poses from  twenty  to  thirty  years  after  it  had  been  killed  by  insects 
or  fire.  Thus  it  is  shown  that  timber  killed  by  insects  and  fire  would 
be  available  for  utilization  for  many  years  were  it  not  for  injuries 
through  the  secondary  attacks  of  wood-boring  insects  and  the  de- 
struction of  insect-killed  timber  by  forest  fires. 

INTERRELATION  OF  FOREST  INSECTS  AND  FOREST  FUNGI. 

Decay  following  injury  by  insects. — It  is  well  known  that  the  bur- 
rows in  the  bark  and  wood  of  living  and  dead  trees  and  in  the  crude 
and  finished  products  often  contribute  to  the  entrance  of  bark  and 
wood  decaying  fungi.  Deterioration  and  decay  are  thus  far  more 
rapid  than  would  otherwise  be  possible.  It  is  also  known  that  trees 
injured  and  dying  from  primary  attack  by  parasitic  fungi  are  attrac- 
tive to  certain  insects  which  breed  in  the  bark  and  wood  of  sickly  and 
dying  trees,  and  that  certain  other  complicated  troubles  affecting  for- 
est trees  are  the  result  of  an  intimate  interrelation  and  interdepend- 
ence of  insects  and  fungi.  There  can  be  no  doubt,  however,  that  cer- 
tain species  and  groups  of  both  insects  and  fungi  are  independently 
capable  of  attacking  and  killing  perfectly  vigorous  and  healthy  trees. 

SU3I5IART    AND    ESTIMATES    RELATING    TO    CHARACTER    AND    EXTENT    OF 

INSECT   DAMAGE. 

The  killing  of  trees  by  insects;  the  damage  by  them  to  the  wood 
of  living,  dying,  and  dead  timber;  the  destruction  of  insect-killed 
timber  by  subsequent  forest  fires;  the  damage  to  fire-killed  timber 
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by  insects;  and  the  damage  from  decay  resulting  from  insect  injuries 
to  the  wood,  have  all  been  more  or  less  continuous  for  centuries  and 
are  still  going  on  in  the  forest  and  woodland  areas  of  this  country. 

While  these  depredations  are  not  always  evident  or  important  in 
all  forests  or  localities,  yet  almost  every  year,  somewhere  in  the 
forests  of  the  country,  there  are  widespread  depredations. 

In  every  forest  and  woodland  there  is  an  ever  present  but  incon- 
spicuous army  of  insects  which  require  the  bark,  wood,  foliage,  and 
seeds  of  the  various  tree  species  for  their  breeding  places  or  food. 
Thus,  the  accumulated  but  inconspicuous  injuries  wrought  during 
the  period  required  for  the  growth  of  a  tree  to  commercial  size  go 
far  toward  reducing  the  average  annual  increment  below  the  point 
of  profitable  investments. 

The  accumulated  damage  to  crude,  finished,  and  utilized  products 
reduces  the  profits  of  the  manufacturer,  increases  the  price  of  the 
higher  grades  to  the  consumer,  and  results  in  an  increased  drain  on 
the  natural  resources. 

In  any  attempt  to  estimate  in  fee%  hoard  measure^  or  dollars^  the 
extent  of  losses  or  waste  of  timber  supplies  caused  by  insects  there 
are  many  conflicting  factors  which  contribute  to  the  difficulty  of  ar- 
riving at  accurate  conclusions.  The  published  information  concern- 
ing the  amount  in  board  feet  of  standing  timber  in  the  country  is 
admittedly  only  an  estimate,  as  are  also  the  published  data  relating 
to  average  stumpage  value.  The  published  statistics  relating  to  the 
amount  and  value  of  forest  products  are  of  course  more  accurate,  but 
until  more  complete  data  can  be  furnished  by  the  forest  experts  on 
the  various  complicated  phases  of  forest  statistics  any  figures  given 
by  the  forest  entomologist  relating  to  the  value  of  timber  and  com- 
mercial products  destroyed  or  reduced  in  value  by  insects  must  be 
considered  on  the  same  basis  as  the  other  estimates,  and  as  the  best 
that  can  be  presented  on  available  evidence. 

Standing  timber  killed  and  damaged  by  insects, — ^When  we  con- 
sider the  amount  of  standing  merchantable  timber  killed  by  insects 
and  the  amount  of  standing  timber,  living,  dying,  and  dead,  which 
has  been  reduced  in  quantity  and  value  through  their  agency  during 
a  ten-year  period,  we  would  estimate  that  such  timber  represents  an 
equivalent  of  more  than  10  per  cent  of  the  quantity  and  stumpage 
value  of  the  total  stand  of  merchantable  timber  in  the  United  States 
at  any  given  time.**    A  certain  percentage  of  such  timber  is  a  total 

"The  estimate  of  the  area  and  stand  of  the  present  forests  of  the  United 
States,  as  given  In  Circular  16C  of  the  Forest  Service,  page  6,  is  two  triUion 
five  hundred  billion  feet  (2,500,000,000,000)  board  measure.  The  average 
stumpage  value  has  been  given  as  $2.50  per  one  thousand  feet  b.  m.,  making  a 
total  value  of  the  standing  merchantable  timber  of  $6,250,000,000.  Ten  per 
cent  of  this  amount  would  be  $625,000,000,  as  the  amount  to  bf  charged  to  in- 
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loss  because  of  the  impossibility  of  utilization ;  but  in  some  cases  a 
greater  or  less  percentage  can  be,  and  in  some  cases  is,  utilized  within 
the  period  in  which  it  is  of  sufficient  value  to  yield  a  profitable  return 
on  tiie  cost  of  logging  and  manufacture,  although  its  value  is  greatly 
reduced. 

Reduction  in  the  Nation's  wealth. — When  we  consider  the  forest 
resources  both  in  merchantable  timber  and  young  growth  as  an  im- 
portant asset  of  the  Nation's  wealth;  as  representing  a  given  value 
to  the  people  for  direct  utilization ;  as  a  cover  to  the  soil  for  protec- 
tion of  the  land  from  erosion ;  as  protection  of  headwater  streams  and 
of  game;  and  as  contributing  to  the  aesthetic  value  of  health  and 
pleasure  resorts,  it  would  be  difficult  indeed  to  estimate  the  amount 
or  percentage  of  loss  of  timber  or  the  reduction  in  the  land  values,  in 
each  case,  chargeable  to  insects.  It  is  plain,  however,  that  in  the 
aggregate  it  is  considerably  greater  than  when  estimated  on  stumpage 
values  alone. 

Reduction  in  cash  revenue. — ^When  we  consider  the  problem  from 
the  standpoint  of  direct  utilization  we  can  estimate  the  annual  loss 
on  a  basis  of  mill  values ;  but  here  again  we  meet  with  complications, 
since  much  of  the  damaged  material  is  left  standing  or  is  ditscarded 
in  the  woods  or  at  the  mill  without  measurement.  Therefore  we  are 
left  to  judge  from  our  observations  and  knowledge  of  the  general 
conditions  as  regards  dead  and  damaged  timber  found  in  the  .forests 
of  the  country,  and  the  information  from  lumbermen  in  different  sec- 
tions, as  to  the  percentage  of  loss  from  defective  timber.  On  this 
basis  we  can  estimate  that  the  amount  of  insect-killed  and  damaged 
timber  left  in  the  woods,  plus  the  reduction  in  value  of  that  utilized, 
to  be  charged  to  insects  is  not  far  from  an  equivalent  of  10  per  cent 
of  the  value  of  the  annual  output  of  forest  products  of  all  kinds,  in 
the  rough.  The  total  value  of  the  forest  products  of  the  United 
States  in  1907  is  given  as  $1,280,000,000;  the  losses  from  insect  depre- 
dations would  therefore  represent  an  annual  loss  in  a  cash  value  of 
more  than  $100,000,000. 

Reduction  in  value  of  finished  and  commercial  products. — ^When 
we  consider  the  aggregate  loss  to  the  manufacturers  of  the  finished 
products,  to  the  trade,  and  to  the  consumer  from  insect  injuries  to 
the  wood,  it  is  evident  that  it  amounts  to  many  millions  of  dollars  in 
addition  to  the  estimated  loss  of  crude  products,  or  at  least  3  per 
cent  of  the  mill  value. 

sects  for  a  ten-year  period,  or  an  average  of  $62,500,000  annuaUy.  As  an  ex- 
ample, it  lias  been  estimated  that  over  1,000,000,000  feet  b.  m.  of  timber  was 
killed  by  the  Black  Hills  beetle  in  the  Blacks  Hills  National  Forest  within  a 
period  of  ten  years.  This,  at  $2^  per  one  thousand  foet  stiimpage,  would  be 
an  average  of  $250,000  annually  in  a  single  forest  of  1,294,440  acres. 

ICir.  1291  r^  T 

Digitized  by  VjOOQ IC 
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METHODS  or  PREVENTION  AND  CONTROL. 

The  results  of  extensive  investigations  and  of  practical  applications 
of  the  knowledge  gained  during  recent  years  have  demonstrated  that 
some  of  the  most  destructive  insect  enemies  of  American  forests  and 
of  the  manufactured  and  utilized  products  can  be  controlled,  and 
serious  damage  prevented,  with  little  or  no  ultimate  cost  over  that 
involved  in  forest  management  and  business  methods. 

There  are,  of  course,  certain  insects  and  certain  injuries  which, 
under  present  conditions  and  available  information,  can  not  be  con- 
trolled or  prevented,  but  it  is  very  evident  that  if  the  information 
now  available  through  the  publications  of  the  Department  of  Agri- 
culture and  through  direct  correspondence  with  its  experts  is  properly 
utilized  in  the  future  it  will  result  in  the  prevention  of  at  least  30 
per  cent  of  the  estimated  annual  waste  of  forest  resources  that  has 
been  caused  by  insects  within  recent  years,  and  thus  contribute  greatly 
to  the  conservation  of  forest  resources. 

General  Pbinciples  of  Control. 

The  ordinary  spraying  and  similar  methods  employed  in  dealing 
with  fruit  and  shade  tree  insects  are,  of  course,  not  available  for 
practical  application  in  the  case  of  forest  trees.  But  there  are  other 
and  less  expensive  methods  of  accomplishing  the  desired  results. 

In  all  efforts  to  control  an  outbreak  or  prevent  exeessive  loss  ft*om 
forest  insects  it  should  be  remembered  that  as  a  rule  it  is  useless  to 
attempt  the  ccHnplete  extermination  of  a  given  insect  enemy  of  a 
forest  tree  or  forest  product.  Experience  has  demonstrated  that  it 
is  (Mily  necessary  to  reduce  and  weaken  its  forces  T5  per  eent  or  niore. 
It  can  not  then  cmitinue  an  aggressive  attack,  but  must  oeciipy  a 
defensive  position  against  its  own  enemies  until  conditions  resulting 
from  avoidable  negligence  and  mismanagement  by  the  owners  of  the 
forests  and  manufacturers  of  forest  products  favor  its  again  becom- 
ing destructive.  Forest  insects  can  thus  be  easily  kept  under  ccxitrol 
by  good  management. 

The  desired  control  or  prevention  of  loss  can  often  be  brought  about 
by  the  adoption  or  adjustment  of  those  requisite  details  in  forest 
management  and  in  lumbering  and  manufacturing  operations,  stor- 
ing, transportation,  and  utilization  of  the  products  which  at  the 
least  expenditure  will  cause  the  necessary  reduction  of  the  injurious 
insects  and  establish  unfavorable  conditions  for  their  future  multipli- 
cation or  continuance  of  destructive  work. 

It  is,  however,  of  the  utmost  importance  that  any  adjustmeBt  or 
modification  in  management  or  business  methods  should  be  based  <hi 
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expert  technical  knowledge  or  advice  relating  to  the  species,  habits, 
life  history,  and  natural  enemies  of  the  insects  involved  and  the 
essential  features  of  the  methods  for  their  control.  This  should  be 
supplemented  by  expert  knowledge  or  advice  on  the  principles  of 
technical  and  applied  forestry  in  the  prc^r  management,  care,  and 
utilization  of  the  forest  and  its  resources,  and  still  further  supple- 
mented by  practical  knowledge  and  experience  relating  to  local  con- 
ditions and  facilities  favorable  and  unfavorable  for  success  in  prac- 
tical applicaticms  according  to  the  recommended  method  or  policy  of 
control. 

As  has  been  shown,  the  mature  or  merchantable  timber  is  the  most 
susceptible  to  injury  or  death  from  the  ravages  of  insects.  There- 
fore, considered  from  the  standpoint  of  insect  control  and  the  pre- 
vention of  one  of  the  greatest  items  of  loss,  it  is  important  that  such 
matured  timber  should  be  utilized  before  it  begins  to  deteriorate,  or 
before  it  reaches  the  stage  of  unprofitable  growth. 

For  the  greatest  success  in  dealing  with  forest  insects,  it  must  be 
recognized  that  there  are  certain  features  in  the  habits  and  seas<Mial 
history  of  each  q)ecies  which  differ  to  a  greater  or  less  ext^it  from 
those  of  all  other  species,  even  of  the  same  genus;  that  there  are  cer- 
tain features  in  the  charact^istics  of  the  various  species  of  trees 
which  differ  from  those  of  all  other  species;  and  that  as  a  rule  it  is  the 
technical  knowledge  of  these  peculiar  features  or  characteristics  of 
the  trees  and  their  enemies  which  furnishes  the  clew  to  successful 
methods  of  control. 

There  are  also  many  peculiar  features  in  the  prevailing  conditions 
in  different  localities,  some  of  them  favorable,  others  unfavorable,  tor 
the  practical  application  according  to  a  given  method,  so  that  while 
certain  general  advice  may  apply  in  a  broad  sense  and  be  available 
for  utilization  by  the  practical  man,  whether  owner,  manager,  or 
forester,  without  further  advice,  it  is  often  necessary  to  diagnose  a 
given  case  before  specific  expert  advice  can  be  given  as  to  the  exact 
cause  and  the  most  effective  method  or  policy  to  be  adopted,  just  as  a 
physician  must  diagnose  a  case  of  illness  or  injury  before  prescribing 
the  required  treatment  for  his  patient. 

Therefore,  in  a  consideration  of  the  problem  as  to  how  far  the 
waste  of  forest  resources  caused  by  insects  can  be  prevented  and  how 
far  t^e  damaged  timber  can  be  utilized,  we  will  attempt  to  give  only 
general  statements  based  on  the  results  of  our  observations  relating  to 
s(Mne  of  the  principal  kinds  of  loss  discussed  in  Circulars  125  to  128, 
inclusive,  of  this  Burec^u.  In  addition,  we  will  consider  in  this  cir- 
cular the  utilization  of  natural  enemies  of  injurious  insects  and  the 
utilization  of  waste  caused  by  insects. 
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8  INSECTS  AND  REDUCED  TIMBER  SUPPLY. 

Utilization  of  Natural  Enemies  and  Factors  in  the  Contbol  of  Injurious 

Insects. 

Were  it  not  for  the  natural  checks  and  natural  factors  of  control 
of  some  of  the  more  destructive  insect  enemies  of  forest  trees  and 
forest  products,  artificial  control  would  in  many  cases  be  impossible, 
and  the  depredations  would  evidently  be  far  more  continuous  and 
complete.  These  natural  factors  in  the  control  of  the  depredating 
insects  consist  of  parasitic  and  predatory  insects,  diseases  of  insects, 
birds,  adverse  climatic  conditions,  etc.  While  one  or  more  of  these 
beneficial  factors  exert  a  continuous  and  powerful  influence  toward 
the  prevention  of  a  much  greater  waste  of  forest  resources,  it  has 
been  repeatedly  demonstrated  that  they  can  not  be  depended  on  to 
prevent  widespread  devastations  or  to  otherwise  work  for  the  best 
interests  of  the  private  or  public  owner  by  protecting  the  best  trees 
and  the  best  tree  species.  The  insects  and  birds  which  prey  upon  the 
depredating  insects  also  have  factors  to  contend  against,  consisting 
of  insects,  birds,  diseases,  and  climatic  conditions.  Therefore  under 
normal  conditions  the  tendency  is  toward  the  preservation  of  a  bal- 
ance between  the  warring  factors,  but  frequently  the  enemies  of  the 
trees  get  the  ascendancy  and  take  on  the  character  of  an  invasion, 
which  may  continue  for  two  or  three  or  even  ten  years  before  the  bal- 
ance is  again  adjusted  through  the  influence  of  the  natural  enemies 
or  diminished  food  supply.  Thus  a  vast  amount  of  timber  or  of  a 
given  forest  product  may  be  destroyed  before  the  factors  of  natural 
control  can  prevail. 

It  is  evident  that  the  most  effective  utilization  of  the  agencies  of 
natural  control  will  be  through  the  alliance  with  them  of  the  owner  of 
the  forest  by  his  efforts  toward  an  artificial  reduction  of  the  enemies 
of  the  trees  rather  than  by  efforts  to  make  the  natural  enemies  of  the 
injurious  insects  his  allies  through  artificial  introduction  or  dissemina- 
tion. The  former  is  accomplished  by  the  adoption  of  methods  of  com- 
bating the  invaders  which  will  reduce  and  weaken  their  forces  below 
their  power  of  prosecuting  aggressive  movements  and  attacks,  or,  as 
previously  stated,  to  reduce  their  numbers  to  the  point  where  they 
must  occupy  a  defensive  position  against  their  natural  enemies  and  be 
dependent  for  their  supplies  of  food  and  breeding  places  upon  that 
furnished  through  avoidable  mismanagement  of  the  forests  and  manu- 
facturing operations.  Thus  the  owner  of  the  forest  can  contribute 
greatly  toward  the  preservation  of  a  balance  which  will  be  to  his 
material  benefit.  On  the  other  hand,  he  may  in  the  future,  as  in  the 
past,  contribute  greatly  to  the  multiplication  of  the  depredating 
insects  and  to  greatly  increased  losses  caused  by  them  through  neglect 
or  a  disregard  of  available  information  on  the  fundamental  prin- 
ciples of  insect  control  in  the  management  of  forests  and  manufac- 
turing  enterprises.  ^^^,^^^^ byGoOQk 
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BENEFICIAL   INSECTS. 

The  beneficial  insects  comprise  those  which  are  internal  or  external 
parasites  of  the  immature  or  mature  stages  of  the  injurious  insects, 
and  predators  which  feed  on  the  young  or  adults  of  insects  either 
before  or  after  they  make  their  attack  on  the  trees  or  products.  These 
two  beneficial  factors  are  doubtless  far  more  effective  in  the  long  run 
than  any  other  agencies  of  natural  control.  Yet  they,  in  combination 
with  all  other  factors,  can  not  be  relied  upon  to  render  continued  and 
efficient  control.  They  can,  however,  be  relied  upon  to  respond  to 
artificial  assistance  in  reducing  the  numbers  of  the  depredators. 

BENEFICIAL  DISEASES  OF  INSECTS. 

It  is  very  evident  that  the  parasitic  fungi  and  bacteria  which  scnne- 
times  cause  epidemics  among  injurious  insects  often  exert  a  powerful 
influence  toward  the  control  of  extensive  outbreaks  or  invasions  of 
insect  enemies  of  forests.  Indeed,  it  appears  that  the  greatest  serv- 
ice rendered  by  this  class  of  natural  enemies  is  in  the  frequent  sudden 
appearance  of  an  epidemic  which  kills  off  a  destructive  species  of 
insects  after  the  latter  has  increased  to  such  numbers  and  extended 
its  depredations  over  such  vast  areas  as  to  be  far  beyond  the  control 
of  man  or  his  insect  and  bird  allies.  Niunerous  examples  of  this  kind 
of  natural  control  are  found  in  the  sudden  ending  of  widespread 
depredations  by  various  species  of  caterpillars  and  sawfly  larvae  which 
defoliate  deciduous  and  coniferous  trees.  As  a  rule,  however,  the 
beneficial  effects  of  the  diseases  of  insects  prevail  only  after  the 
injurious  insects  have  increased  to  excessive  numbers.  Therefore  this 
factor  of  insect  control  can  not  be  depended  upon  to  hold  the  insects 
in  check  or  prevent  outbreaks.  The  fact,  however,  that  it  operates  on 
a  class  of  insect  enemies  of  the  forest  (defoliators)  which  at  present 
can  not  be  controlled  by  any  known  artificial  methods  renders  the 
services  of  the  diseases  all  the  more  valuable. 

It  is  believed  that  with  further  knowledge  of  nature's  method  of 
propagating,  perpetuating,  and  disseminating  the  diseases  which 
cause  epidemics  among  insects  they  may  be  utilized  more  or  less  suc- 
cessfully through  artificial  propagation  and  dissemination  to  prevent 
threatened  invasions  of  defoliating  insects. 

BENEFICIAL  BIBDS. 

It  is  very  evident  that  certain  kinds  of  birds,  such  as  woodpeckers, 
render  valuable  service  toward  the  natural  control  of  destructive 
bark  and  wood  boring  insects.  They  appear  to  render  the  greatest 
service,  however,  where  but  few  trees  are  being  killed  or  injured, 
because  their  concentrated  work  on  such  trees  may  contribute  toward 
the  prevention  of  an  abnormal  increase  of  the  insects.    S'hey  also 
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render  some  service  as  allies  of  the  other  beneficial  factors  which  assist 
in  artificial  controL  It  is  evident,  however,  that  where  many  hun- 
dreds or  thousands  of  trees  are  being  killed  the  comparatively  limited 
nimiher  of  birds  in  any  forest  under  the  most  favorable  conditions 
could  have  little  or  no  beneficial  effect.  Therefore,  while  the  birds 
should  be  classed  among  the  valuable  friends  of  the  forest,  and  should 
be  protected,  it  is  plain  that  they  can  not,  even  with  the  utmost  pro- 
tection, be  relied  upon  to  protect  the  forest  against  destructive  ravages 
of  insects. 

We  must  remember,  in  this  connection,  that  there  are  ccnnplicated 
interrelations  between  birds,  injurious  insects,  and  beneficial  insects 
which  do  not  necessarily  operate  to  the  benefit  of  the  fwest.  In 
fact,  it  may  sometimes  be  quite  the  reverse.  Therefore,  in  order  to 
derive  the  greatest  benefit  from  the  conflict  between  the  birds,  the 
insect  enemies  of  the  trees,  and  the  insect  friends  of  the  trees,  we 
must  utilize  our  knowledge  of  the  factors  which  are  contributing 
toward  the  preservation  of  a  balance,  so  that  whenever  the  enemies 
of  the  forest  threaten  to  get  beyond  natural  control  we  may  enter  the 
field  through  artificial  means  and  endeavor  to  force  them  back  to 
their  normal  defensive  position. 

BENEFICIAL  CLIMATIC  COITDITIOITS. 

The  benefits  to  be  derived  from  climatic  conditions  which  are  detri- 
mental or  destructive  to  insect  enemies  of  the  forest,  while  some- 
times very  great,  are  necessarily  unreliable,  and  thus  can  not  be 
depended  upon  to  assist  in  artificial  control.  In  fact,  the  very  condi- 
tion which  may  contribute  to  the  destruction  of  one  depredator  may 
favor  the  multiplication  of  another. 

Utiuzation  of  Waste  Caused  by  Insects. 

When  we  come  to  consider  the  vast  amount  of  standing  timber  in 
the  forests  of  the  country  which  has  been  injured  or  killed  by  insects, 
and  will  go  to  waste  if  it  is  not  utilized  within  a  limited  period,  we 
realize  that  there  are  great  possibilities  in  its  utilization  as  a  means 
of  preventing  the  reduction  of  future  supplies  of  living  healthy  tim- 
ber. It  is  all  the  more  important  that  the  insect-infested  timber 
should  be  utilized,  because  in  so  doing  we  can  contribute  more  per- 
haps than  in  any  other  way  to  the  reduction  of  the  insects  to  or  below 
their  normal  numbers,  and  thus  provide  against  serious  injury  in  the 
future,  as  well  as  to  the  maintenance  of  control. 

Approved : 

Jamss  Wilson, 

Secretary  of  Agriculture. 
Washington,  D.  C,  October  7, 1910. 
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THE  OAK  PEUNER.^ 

(Elapkidion  villosum  Fab.) 

By  F.  H.  CHrrrEKDBN, 

In  Charge  of  Tnich  Crop  and  Stored  Prodtict  Insect  InvesHgaHons, 

INTRODUCTORY. 

Many  sorts  of  trees,  particularly  oak  and  hickory,  grown  for  shade 
are  often  noticed  with  their  limbs  severed  as  if  with  a  knife  or  saw. 
Underneath  these  trees  numbers  of  twigs  and  small  branches  strew 
the  ground.  The  severed  limbs  are  from  a  few  inches  to  2  or  3  feet 
long,  and  on  one  occasion  a  limb  was  seen  that  measured  10  feet  in 
length  and  another  that  was  1}  inches  in  thickness.  Young  trees  are 
sometimes  felled.  An  examination  of  one  end,  sometimes  of  both 
ends,  of  a  severed  Umb  will  show  a  smoothly  cut  surface  near  the  cen- 
ter of  which  will  be  seen  a  more  or  less  oval  opening  plugged  with 
fine  shavings  and  sawdust  (fig.  1,  e,J). 

DESCRIPTIVE. 

If  one  of  these  Umbs  be  spUt  open  at  the  proper  time  a  soft-bodied 
larva,  resembling  that  shown  in  figure  1  at  a,  will  be  found.  This  is 
the  larva  of  the  oak  pruner.  It  is  nearly  cylindrical,  soft  and  fleshy, 
of  a  whitish  or  light  yellowish  color,  and  is  provided  with  rudimentary 
legs  (fig.  l,5r). 

« Formerly  the  species  under  consideration  was  known  under  two  names,  Elapki- 
dion villosuTn  Fab.  and  E.  parallelum  Newm.  The  writer,  however,  has  seen  an  abun- 
dance of  specimens  of  what  are  labeled  by  both  names,  and  while  it  may  be  true  that 
there  are  two  species  it  is  certain  that  the  species  which  breed  in  the  North  from 
the  amputated  twigs  are  identical,  since  the  writer  has  reared  both  what  are  known 
as  tUlosuTn  and  pardUelum  from  such  twigs.  That  which  breeds  in  the  portion  remain* 
ing  on  the  tree  has  not  been  investigated,  but  it  is  probably  not  different. 

Horn  believed  the  two  species  identical  and  his  opinion  should  not  be  disputed 
until  the  contrary  can  be  proved. 
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The  beetle  which  produces  this  larva  is  slender  and  cylindrical, 
dark  brown,  and  clothed  with  grayish,  somewhat  mottled  pubescence. 
The  antennae  of  the  female  are  shorter,  those  of  the  male  (illustrated 
at  h)  longer,  than  the  body;  the  proximal  joints  are  armed  with  small 
spines.  Each  elytron  terminates  in  two  small  spines  and  the  femora 
or  thighs  are  unarmed.  The  length  of  the  body  varies  from  about 
one-half  to  three-fourths  of  an  inch. 

DISTRIBUTION. 

Available  records  show  that  the  typical  oak  pruner  {Elapkidion 
viUosum  Fab.)  occurs  from  New  England  westward  to  Michigan, 
and  probably  farther  west,  and  southward  through  the  District  of 
Columbia  and  Virginia  to  North  CaroHna,  while  there  are  specimens 
in  the  United  States  National  Museum  labeled  Texas.  It  is  there- 
fore evident  that  the  species  covers  the  greater  portion  of  the  east- 
em  United  States, 
with  the  possible  ex- 
ception of  Greorgia 
and  one  or  two  of 
ihe  Gulf  States, 
from  which  the  typ- 
ical form  has  not 
been  seen. 

FOOD  PLANTS  AND 
INJURY. 

The  Ust  of  food 
plants  of  this  spe- 
cies includes  oak, 
hickory,  pecan, 
chestnut,  maple,  fir 
(Abies)  (doubtful, 
recorded  by  Halde- 
man), locust, elm,  redbud  (Cercis  canadensis),  apple, plum, peach, pear, 
quince,  grape,  orange,  Osage  orange  (Madura  auHmtiaca),  wistaria, 
climbing  bittersweet  {Celastrus  scandens),  black  walnut,  sweet  gum, 
and  hackberry ,  according  to  the  records  of  the  Forest  Insect  Investiga- 
tions of  this  Bureau.  Indeed,  this  insect  or  aUied  species  will  attack 
almost  every  form  of  deciduous  trees,  shrubs,  and  vines  with  woody 
stalks.  The  pruned  twigs  of  various  trees  and  shrubs  are  of  frequent 
occurrence,  and  among  those  which  have  been  noted  by  the  writer 
in  the  vicinity  of  the  District  of  Columbia  and  in  New  York  are  the 
spicebush  (Lindera  benzoin),  sassafras,  sumaq,  EngUsh  or  white 
walnut,  and  beech.     Since  no  other  species  of  insect-4n  ther  regions 
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Fio.  1.— The  oak  pniner  (Elapkidion  villosum):  a,  Larva;  b,  beetle;  c, 
pupa;  d,  end  of  twig  cut  by  larva  from  tree; «,  reverse  end  contain- 
ing insect;  /,  same  from  side,  split  to  show  pupa  within;  g,  leg  of 
larva,  a,  b,  c,  About  twice  natural  size;  d,  e,  f,  natural  size;  g^ 
greatly  enlarged.    (Author's  illustration.) 
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specified  is  known  to  have  the  same  pruning  habit,  it  is  practically 
certain  that  the  species  under  discussion  is  the  culprit. 

Of  injuries  by  this  species,  it  has  been  reported  that  in  1886  ^*  peach 
trees  in  portions  of  Michigan  were  seriously  injured.  The  twigs  were 
cut  oflF  so  as  to  nearly  destroy  some  of  the  trees.''  In  1892  the  ex- 
traordinary abundance  of  this  pruner  in  Pennsylvania,  New  Jersey, 
and  neighboring  States  attracted  considerable  attention.  At  that 
time  carloads  of  the  branches  could  be  gathered  up  from  the  ground 
throughout  the  oak  forests  in'Bucks  County,  Pa.  One  of  the  striking 
features  noticeable  that  year  in  riding  through  that  part  of  the 
country  lying  between  Washington,  D.  C,  and  New  York  City  was 
the  unusual  amount  of  injury  by  Elaphidion  on  oaks.  In  some  local- 
ities every  tree  had  several  dead  or  dying  twigs,  and  the  ground 
beneath  was  strewn  with  branches  which  had  been  damaged  by  this 
species  and  later  broken  off  by  the  wind. 

In  the  writer's  experience  the  oak  pruner  was  extremely  abundant 
in  years  past  in  the  neighborhood  of  Ithaca,  N.  Y.,  and  near  South 
Woodstock,  Conn.,  on  the  shagbark  hickory,  the  severed  twigs  and 
branches  occurring  by  the  barrelful  under  a  single  tree.  In  one 
instance  a  pear  orchard  at  Ithaca,  N.  Y.,  had  been  very  extensively 
pruned.  The  insect  had  apparently  attacked  healthy  living  twigs 
and  several  trees  had  every  appearance  of  having  been  killed  outright. 

A  few  of  the  injurious  and  other  occurrences  reported  to  this 
Bureau  during  the  past  decade  may  be  mentioned:  Regarding  sup- 
posed damage  to  oak,  Mr.  R.  A.  Edwards,  of  Peru,  Ind.,  wrote  on 
March  27,  1901,  that  he  could  not  observe  that  the  pruner  did  actual 
damage  beyond  cutting  off  the  smaller  branches,  some  of  which  do 
not  reach  the  ground,  but  hang  from  the  Umb  or  lodge  upon  limbs 
below  and  there  die.  September  5,  1902,  Mr.  Edmund  L.  Tyler,  of 
Anniston,  Ala.,  sent  a  limb  of  hickory  nearly  5  feet  in  length  which 
had  been  pruned  3  feet  from  the  end  by  the  oak  pruner.  The  point  at 
which  amputation  had  taken  place  was  an  even  inch  in  diameter. 
April  25,  1903,  Mr.  Albert  M.  Boozer,  of  Columbia,  S.  C,  sent  this 
species,  which  he  thought  to  be  injurious  to  pecan  in  that  vicinity. 
It  was  probably  merely  concerned  in  more  serious  injury  due  to  the 
pecan  twig-girdler  (Oncideres  cingulata  Say)  and  to  branch  and  trunk 
borers.  Mr.  E.  J.  Vann,  of  Madison,  Fla.,  stated,  in  a  letter  dated 
July  28,  1905,  that  what  he  considered  this  species  had  almost  ruined 
dwarf  chestnuts  in  that  vicinity.  Miss  Alice  S.  Hainsworth,  of 
South  China,  Me.,  wrote,  July  30,  1906,  that  this  species  was  destroy- 
ing the  beauty  of  oak  trees  in  that  vicinity.  The  lawn  beneath  the 
oak  trees  was  continually  strewn  with  fallen  branches.  In  1907 
report  of  injury  to  oak  in  South  Carolina  was  received.  During 
1908  the  depredations  by  this  species  were  widespread  and  general^ 
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injury  having  been  reported  in  Massachusetts,  Pennsylvania,  Vir- 
ginia, and  Kansas  to  oak,  ehn,  pear,  and  wistaria.  The  year  follow- 
ing pecans  were  attacked  in  Alabama  and  Mississippi,  and  hickory 
and  oak  in  Illinois.  In  1910  the  oak  pruner  attracted  widespread 
attention  in  the  States  of  New  York,  Connecticut,  and  Massachusetts 
and  became  the  subject  of  many  newspaper  notices  imder  the  name 
of  the  "gxm-worm.'' 

LIFE   HISTORY. 

From  present  knowledge  of  this  species  the  following  brief  account 
of  its  Hfe  history  may  be  given: 

In  the  northern  portion  of  the  upper  austral  life  zone  the  adult 
appears  in  early  summer.  The  mother  beetle  inserts  an  egg,  usually 
in  one  of  the  smaller  twigs  of  a  Uving  tree.  The  young  larva  hatching 
therefrom  first  attacks  the  wood  under  the  bark,  following  the  grain 
of  the  wood  and  packing  its  burrow  with  its  sawdust-hke  castings. 
The  larva,  as  it  grows,  bores  toward  the  base,  often  consuming  the 
wood  entirely  around  the  limb  and  ejecting  its  castings  through 
holes  which  it  makes  in  the  bark.  Later  it  follows  the  axis  of  the 
twig,  boring  through  the  center  and  excavating  a  more  or  less  oval 
channel,  sometimes  for  a  distance  of  several  inches.  Dr.  Asa  Fitch  * 
has  said  that  the  larva  is  only  about  half  grown  when  it  severs  the 
limb  in  which  it  is  working,  but  it  has  more  probably  attained  its 
full  growth  at  this  time.-  He  described  this  operation,  recoimting 
at  length  how,  with  **  consummate  skill  and  seemingly  superterrestrial 
intelUgence,  he  varies  his  proceedings  to  meet  the  circumstances  of 
his  situation  in  each  particular  case.'' 

From  Fitch's  accoimt  it  would  seem  that  he  imputed  to  this  insect 
a  reasoning  power,  which  enables  it  to  modify  its  operations  according 
to  conditions  and  to  judge  just  how  far  the  limb  should  be  cut  off 
to  insure  its  ultimate  amputation  by  the  wind  without  endangering  its 
own  safety.  Whether  guided  by  reason  or  by  bUnd  instinct,  the 
insect  is  actually  enabled  to  accompUsh  this  purpose. 

After  cutting  away  the  wood  in  such  manner  that  the  winds  will  in 
time  bring  the  limb  to  the  groimd,  the  contained  larva  retreats  into  its 
burrow  and  plugs  up  the  severed  end  with  castings.  Here  it  trans- 
forms to  pupa  (fig.  1,  c,f),  sometimes  late  in  the  autumn  and  often 
not  until  early  spring,  assuming  the  adult  stage  as  early  as  November 
and  appearing  abroad  in  June  and  throughout  the  siunmer  imtil 
September. 

A  larva  received  from  South  Woodstock,  Conn.,  transformed  to 
pupa  May  3  and  to  adult  May  21,  having  thus  passed  the  pupal  stage 
in  eighteen  days,  the  average  temperature  having  been  about  74*^  F. 

a  Fitch,  Asa.— Fifth  Report  on  Inflects  New  York,  pp.  797-804,  1859. 
[dr.  130] 
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Although  this  species  normally  completes  it  transformations  in 
amputated  or  fallen  limbs,  it  occasionally  breeds  in  limbs  that  have 
not  been  severed.  It  does  not  always  cut  oflF  the  twigs  in  which  it 
lives,  and  the  larva  sometimes  reverses  the  order  of  proceedings  and 
directs  its  burrow  toward  the  distal  end  of  the  branch,  which  it  cuts 
off  at  the  end  of  its  burrow  and  remains  in  the  branch  attached  to 
the  tree. 

From  the  earUer  accounts  of  Fitch  and  others  it  would  be  inferred 
that  the  insect  requires  a  single  year  only  for  the  completion  of  its  life 
cycle.  Dr.  John  Hamilton,*  however,  has  stated  that  a  longer  period 
is  required,  three  years  being  the  usual  time,  and  in  individual  cases 
four  or  more  years  being  consumed.  The  writer  is  strongly  inclined 
to  believe  such  exceptionally  long  periods,  even  three  years,  to  be  the 
result  of  undue  dryness  caused  by  unnatural  indoor  conditions. 

WHY   THE    LARVA    AMPUTATES    A    LIMB. 

The  purpose  of  the  larva  in  cutting  away  the  wood  furnishes  an 
interesting  topic  for  speculation.  The  object  attained  is  its  ultimate 
fall  to  the  ground. 

Peck,  who  wrote  of  this  species  in  1819,  **  thought  that  the  limb,  if 
permitted  to  remain  attached  to  the  tree,  would  become  too  dry  and 
that  a  certain  degree  of  moisture  was  required  for  the  development 
of  the  insect,  and  that  the  limb  was  accordingly  partially,  severed 
that  it  might  eventually  fall,  and  that  then,  lying  on  the  ground  amid 
the  autumn  leaves  and  beneath  the  winter's  snow,  the  requisite 
degree  of  moisture  was  insured.  In  this  belief  Fitch  concurred. 
Mr.  Frederick  Clarkson,  however,  took  issue  with  Fitch,  believing 
that  the  main  object  of  the  larva  is  to  obtain  deadwood  and  to 
prevent  the  flow  of  sap.  Here  we  have  two  contrary  views  expressed-^ 
one  that  the  object  is  to  obtain  moisture,  the  other  to  prevent  it. 

Such  an  excess  of  moisture  as  is  obtained  on  the  groimd  imder  the 
melting  snow  and  the  pools  of  water  that  collect  in  winter  under  the 
infested  trees  could  hardly  be  a  necessity  in  the  life  history  of  any 
terrestrial  animal.  The  ease  with  which  these  insects  may  be  reared 
from  dry  twigs  indoors  is  conclusive  proof  to  the  contrary.  Why  they 
should  require  more  moisture  than  fifty  or  a  hundred  others  that  could 
be  named  that  have  similar  food  habits  and  do  not  breed  exclusively 
in  fallen  limbs  it  would  be  difficult  to  explain.  Again,  that  the  small 
flow  of  sap  of  oak  or  hickory  could  seriously  interfere  with  develop- 
ment would  seem  unreasonable  when  we  consider  that  these  insects 

o  Hamu^ton,  John. — Canadian  Entomologist,  vol.  19,  pp.  141-145,  1887. 
ft  Peck,  William  D. — Maes.  Agr.  Repos.  and  Journ.,  vol.  5,  pp.  307-313,  Jan.,  1819. 
(Treated  as  Stenocoris  putator  Peck.    Not  seen.) 
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are  able  to  survive  the  immersion  to  which  they  are  sometimes  sub- 
jected for  many  days  together  during  thaws  and  rainy  spells  in  winter. 

Another  explanation  of  the  Umb's  amputation  occurs  to  the  writer. 
Those  who  have  reared  beetles  from  hard  wood  can  not  have  failed  to 
observe  that  the  larva  before  transforming  cuts  through  the  wood 
until  it  reaches  the  bark,  which  is  left  untouched  and  serves  to  protect 
the  insect  from  marauding  birds  or  other  enemies.  When  the  beetle 
develops  it  has  only  to  gnaw  its  way  through  this  thin  layer  of  bark  to 
eflFect  its  exit.  There  are  imdoubtedly  some  wood  borers  which  are 
provided  in  the  beetle  state  with  mandibles  sufficiently  powerful  to 
enable  them  to  penetrate  hard  wood  (Monohammus,  for  example),  but 
the  majority,  among  them  Elaphidion,  are  not  thus  favored,  and 
would  be  utterly  unable  with  their  weaker  boring  organs  to  escape^ 
and  would  perish  in  their  burrows  had  they  not  while  larvie  exca- 
vated the  necessary  channel  for  their  exit.  These  exit  channels 
usually  run  at  an  angle  to  the  axis  of  the  wood.  Now,  in  the  case  of 
our  Elaphidion,  which  usually  lives  in  a  slender  limb  which  it  bores 
longitudinally,  there  is  no  room  to  place  a  branching,  transverse 
channel;  accordingly  the  larva  severs  the  twig  and  when  it  becomes 
a  beetle  it  cuts  its  way  through  the  plug  of  castings. 

As  to  Fitch's  claim  that  the  larva  varies  its  operations  to  sxiit  the 
diflferent  sizes  of  limbs,  the  average  infested  twig  is  of  about  the 
thickness  of  one's  finger,  and  it  is  probable  that  the  larva  commences 
proceedings  late  in  the  season  with  the  approach  of  cold  weather 
when  it  is  about  full  grown  and  ready  for  hibernation.  To  cut  off 
the  limb  is  a  labor  of  some  magnitude  for  so  small  a  creature  and  may 
require  several  days  for  completion.  It  has  a  limited  amount  of 
energy,  being  now  toward  the  end  of  its  active  existence  as  a  borer, 
and  the  cooler  weather  serves  to  repress  this  energy,  which  is  suflScient 
for  cutting  away  all  the  wood  in  a  small  twig,  but  is  inadequate  for  a 
larger  one.  The  wood  of  a  large  branch  is  harder,  and  the  insect 
ceases  work,  perhaps  from  exhaustion  or  from  cold,  or  because  its 
instinct  impels  it  to  cut  a  certain  amount,  and  when  that  is  accom- 
plished to  cease,  its  work  being  ended.  At  the  close  of  his  narra- 
tive Fitch  says,  in  spite  of  a  previous  assertion  that  the  insect  never 
miscalculates,   that — 

ia  at  least  three-fourths  of  the  fallen  limbs  no  worm  is  to  be  found;  and  an  exam- 
ination of  them  shows  that  the  insect  perished  at  the  time  the  limb  was  severed 
and  before  it  had  excavated  any  burrow  upward  in  its  center,  no  perforation  being 
present  except  that  leading  into  the  lateral  twig.  It  is  probable  that  in  many  instances 
the  limb  broke  when  the  insect  was  in  the  act  of  gnawing  it  asunder,  either  from  its 
own  weight  or  from  a  wind  arising  whilst  the  work  was  in  progress. 
[Clr.  130) 
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NATURAL   ENEMIES. 

As  might  be  inferred  from  its  mamier  of  life,  this  insect  enjoys 
as  nearly  perfect  exemption  from  predaceous  or  parasitic  attack  as 
faUs  to  the  lot  of  most  wood  borers.  Fitch,  however,  has  stated 
that  some  of  our  insect-eating  birds  destroy  the  larvsB,  and  the  writer 
has  reared  the  parasite  Bracon  eurygaster  Brull6  from  twigs  inhabited 
by  the  species. 

Among  natural  enemies  of  the  oak  pruner,  Mr.  F.  H.  Mosher" 
records  the  downy  woodpecker  (Dryohates  pubescens),  the  blue  jay 
(Oyanodtta  cristata)j  and  the  black-capped  chickadee  (Penthestes 
atricapUlus) .  Mr.  W.  L.  McAtee,  of  the  Bureau  of  Biological  Sur- 
vey, states  that  a  species  of  Elaphidion  is  preyed  upon  by  the  downy 
woodpecker  and  by  the  great-crested  flycatcher  (Myiarchus  crinitus). 
Mr.  A.  H.  Kirkland*  records  having  found  a  spider  (Theridium  tepi- 
dariorum  C.  Koch)  feeding  upon  the  mature  insects. 

REMEDIES. 

The  pruning  process  is  not  always  in  itself  especially  injurious, 
since  when  the  pruner  occurs  in  only  moderate  numbers  the  vitaUty 
of  the  tree  is  not  impaired.  The  ultimate  effects,  however,  are  Ukely 
to  be  more  serious.  The  fallen  twigs  serve  as  a  breeding  place  for 
hosts  of  other  wood  borers,  many  of  which  are  injurious  to  shade 
trees  and  to  standing  timber.  Some  of  these  do  not  hesitate,  in 
default  of  an  abundance  of  dead  or  injured  wood,  to  attack  and 
damage  apparently  healthy  Uving  trees. 

In  case  this  species  becomes  injuriously  abundant,  it  may  be  readily 
controlled  by  gathering  the  pruned  twigs  and  burning  them.  This 
should  be  done  from  time  to  time,  as  otherwise  they  accumulate  and 
make  the  lawn  unsightly.  To  make  this  remedy  of  any  value,  the 
cooperation  of  neighbors  is  desirable.  The  work  should  be  as 
thorough  as  possible.  If  the  twigs  are  gathered  in  numbers  during 
one  season,  the  chances  are  that  the  insects  wiU  not  be  nearly  so 
abundant  the  year  following. 

Approved : 

James  Wilson, 

Secretary  of  Agriculture . 

Washington,  D.  C,  October  H,  1910, 

a  Forty-fifth  Annual  Rep.  Sec.  Mass.  State  Board  Agr.  for  1897  (1898),  p.  244. 
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HOW  TO  CONTROL  THE  PEAR  THRIPS.« 

(Euthrip*  pyri  Daniel.) 

By  S.  W.  Foster  and  P.  R.  Jones, 
Agents  and  Experts. 

DISTBIBTTTION. 

The  pear  thrips  {EiUkrips  pyri  Daniel)  (fig.  2)  is  at  present  confined 
to  California  and  is  very  destructive  throughout  Santa  Clara,  Contra 
Costa,  Solano,  and  Sacramento  counties,  with 
•.•Krnn,  I  Moooc   I    considerable  areas  infested  in  Alameda,  Yolo, 
Napa,  and  Sonoma  counties.     (Fig.  1.)     Re- 
ports of  the  presence  of  this  species  in  other  sec- 
tions of  CaUfomia  and  in  Oregon  have  been  re- 
ceived, but  each  case  was  closely  investigated 
and  the  insect  in  question  found  to  be  some  other 
species.    Bagnal**  reports  this  insect  in 
England;  otherwise  it  is   not  known 
outside  the  State  of  California. 

ECONOMIC  IMPORTANCE. 

The  pear  thrips  is  at  present  tne 
most  important  in- 
sect pest  with  which 
the  growers  of  de- 
ciduous fruits  in  the 
counties  mentioned 
have  to  contend. 
On  account  of  the 
minute  size  of  the 
insect,  the  rapidity 

Fio.1.— Map  showing  area  Infested  by  pear  thrips  in  CalUomla.  ^'    ^^^     spread    OVer 

(Original.)  large  areas,  and  the 

suddenness  of  attack  in  great  numbers — completely  blasting  in  a  few 

«  The  present  paper  is  an  abstract  of  a  more  comprehensive  report  on  the  life  history 
and  control  of  the  pear  thrips  to  be  published  later.  The  recommendations  given  are 
based  on  the  results  of  experiments  carried  out  in  the  principal  centers  of  infestation 
since  the  fall  of  1908  to  and  including  the  summer  of  1910. 
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2  HOW  TO  CONTROL  THE  PEAR  THRIPS. 

days  all  prospects  for  a  crop  of  fruit — ^the  control  of  this  pest  is  a 
matter  of  considerable  difficulty. 

As  the  insect  is  each  year  extending  its  range  of  food  plants,  its 
capabilities  for  dissemination  are  correspondingly  increased.  There 
is  no  reason  to  beUeve  that  the  insect  will  disappear  in  a  few  years, 
but  it  should  be  regarded  as  a  permanent  pest  and  at  once  realized 
that  only  the  most  careful  attention  each  year  to  necessary  control 
measures  will  make  it  possible  to  continue  the  profitable  culture  of 
deciduous  fruit   in  infested   orchards. 

Conservative  estimates  place  the  damage  caused  by  the  pear 
thrips,  in  the  Santa  Clara  Valley  alone,  during  the  years  from  1904 
to  1910  at  nearly  $2,000,000,  while  the  loss  for  the  entire  State  during 
this  period  probably  exceeds  $3,500,000.  It  is  safe  to  say  that  the 
thrips  in  the  absence  of  treatment  would  cause  an  average  yearly 
loss  to  the  State  of  over  $1,000,000.  Also  each  additional  year  an 
increase  of  several  hundred  thousand  dollars  is  to  be  expected,  due 
to  the  increase  of  area  infested  and  the  greater  losses  in  the  areas 
previously  infested. 

CHABACTEB  OF  INJURY. 

Injury  to  the  various  fruit  trees  by  this  species  is  caused  by  the 
feeding  of  the  adults  on  the  developing  buds  and  early  blossoms;  by 
the  deposition  of  eggs  into  the  fruit  stems,  leaf  stems,  and  newly 
formed  fruit,  and  by  the  feeding  of  the  larvae  in  the  blossoms  and 
on  the  young  fruits  and  foliage.  On  pears  the  greater  injury  is  pro- 
duced by  the  adults,  which  often  prevent  the  trees  from  blooming, 
while  on  prunes  and  cherries  the  larvsB  frequently  prevent  a  crop  of 
fruit  from  setting  after  the  trees  have  come  into  full  bloom.  Also, 
the  deposition  of  eggs  into  the  fruit  stems  of  prunes  and  cherries  so 
weakens  the  stems  that  much  of  the  yoimg  fruit  falls.  The  feeding 
injury  is  not  produced  by  a  biting  or  chewing  process.  By  rasping  the 
tender  surfaces  in  the  developing  fruit  buds  and  the  yoimg  fruits  with 
their  hardened  or  chitinous  mouthparts,  the  thrips  rupture  the  skin, 
causing  an  exudation  of  sap  which  is  often  followed  by  more  or  less 
fermentation,  especially  before  bloom^pg.  The  feeding  by  larvae 
on  prunes  after  blooming  causes  the  well-known  thrips  "scab," 
while  most  of  the  scarred  and  misshapen  pears  are  caused  by  the  work 
of  the  adults. 

LIFE  HISTORY. 

Advlis. — The  adults  (fig.  2)  or  winged  form  of  the  thrips  first 
appear  on  the  trees  about  the  middle  of  February  and  emergence 
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from  the  ground  continues  till  early  April,  maximum  emergence, 
however,  occurring  in  late  February  and  early  March.     Examina- 


Fio.  2.— The  pear  thrlps  {Eutkrips  pyri):  Adult,  greatly  enlarged.    (Original.) 

tion  of  the  tables  of  emergence  records  (Tables  I  to  V)  will  show  the 
dates  of  emergence  for  1909-10: 

Table  I. — Total  daily  emergence  of  thrips  from  all  cages  at  laboratory,  San  Jose,  Cal.y 

1909  and  1910. 


Number 

Number 

Date. 

thrips 

thrips 

emerRing 

cmerRing 

In  1909. 
0 

In  1910. 

Feb.  9 

25 

10 

0 

18 

11 

0 

16 

12 

0 

16 

13 

0 

4 

14 

0 

88 

15 

18 

22 

16 

0 

27 

17 

52 

34 

18 

192 

33 

19 

192 

14 

20 

169 

23 

21 

75 

62 

22 

119 

129 

23 

135 

376 

24 

552 

272 

25 

459 

297 

26 

444 

455 

27 

414 

574 

28 

781 

657 

Mar.  1 

781 

1,975 

2 

535 

3,592 

3 

1,299 

3,011 

4 

714 

4,217 

5 

508 

1,402 

6 

362 

1.595 

7 

438 

539 

Number 

Number 

Date. 

thrips 

thrips 

emerging 

emerging 

in  1909. 

In  1910. 

Mar.  8 

219 

275 

9 

776 

144 

10 

497 

100 

11 

498 

73 

12 

338 

179 

13 

313 

45 

14 

248 

20 

15 

279 

7 

16 

250 

4 

17 

152 

20 

18 

42 

7 

19 

61 

2 

20 

28 

2 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
Apr.  1 

2 
6 
13 
3 
2 
3 
7 
7 
0 
2 
0 
3 

1 

^     2 
3 

0 

1 
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Emergence  Record  for  Contra  Costa  County. 

Table  II. — Emergence  of  thrips  from  cages  placed  in  ground  under  trees  in  pear  and 
prune  orchards,  Walnut  Creek,  Cal, 


1909. 

1910. 

Number 

Number 

Date. 

of  thrips 

Date. 

of  thrips 

emerging. 

emerging. 

1    Feb.  13 

'  0 

Feb.  21 

1 

16 

20 

23 

4 

19 

37 

25 

23 

22 

30 

27 

36 

26 

110 

Mar.  1 

56 

Mar.  2 

615 

3 

237 

5 

679 

5 

1,170 

10 

752 

7 

2,110 

12 

273 

9 

892 

16 

65 

11 

1,773 

20 

33 

13 

657 

22 

4 

15 

198 

'            27 

11 

17 

71 

19 

3 

21 

6 

27 

5 

Table  III.- 


-Emergence  of  thrips  from  soil  samples  taken  from  orchard  in  November  and 
December  and  kept  in  cages  at  laboratory,  Walnut  Creek,  Cal. 


1909. 

19 

10. 
Number 

Number 

Date. 

of  thrips 

Date. 

of  thrips 

out. 

out. 

Feb.  12 

3 

Feb.  18 

11 

15 

42 

20 

16 

16 

56 

22 

0 

17 

38 

24 

12 

18 

56 

26 

30 

20 

89 

28 

75 

23 

125 
185 

Mar.  2 

377 

25 

4 

918 

27 

246 

6 

937 

Mar.  1 

196 

8 

165 

4 

237 

10 

114 

7 

51 

12 

47 

10 

52 

14 

0 

14 

13 

16 

4 

19 

0 

22 

0 

1 

Emergence  Record  for  Solano  County,  1910. 

Table  IV. — Emergence  of  thrips  from  cages  placed  in  ground  under  trees  in  orchards, 

Suisun^  Cal. 


Date. 

Number 
of  thrips 
emerging. 

Date. 

Number 
of  thrips 
emerging. 

Feb.  17 
19 
21 
23 
25 

3 
0 
0 
0 

1 

Feb.  27 

Mar.  1 

3 

10 

16 

20 

47 
121 
484 

1 

„  _ 
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Table  V. — Emergence  o/thripa/rom  samples  taken  from  orchard  in  November  and  Decern^ 
her  and  kept  in  cages  at  laboratory,  Suisun,  Cat. 


Number 

Number 

Date. 

of  thrips 

Date. 

of  thrips 

emerging. 

emerging. 

Feb.  16 

1 

26 

11 

17 

3 

27 

14 

18 

2 

28 

41 

19 

6 

Mar.   1 

105 

20 

1 

2 

247 

21 

1 

3 

243 

22 

4 

7 

612 

23 

2 

12 

357 

24 

5 

16 

82 

25 

11 

19 

8 

Fio.  3.— The  pear  thrips:  Eggs,  high- 
ly magnified.    (Original.) 


By  the  time  the  fruit  buds  have  swollen  sufficiently  to  separate 
the  bud  scales  slightly  at  the  tip  the  adults  force  their  way  within, 
feeding  upon  the  tenderest  portions  inside  the  buds.  When  the 
thrips  are  present  in  sufficient  numbers  the 
buds  are  completely  destroyed  and  the  trees 
fail  entirely  to  bloom. 

Eggs. — As  soon  as  the  first  leaf  surfaces 
OF  fruit  stems  are  exposed  egg  laying  usually 
begins,  depending  somewhat  on  the  variety 

of  fruit  attacked. 
The  first  eggs  are 
deposited  the  last 
days  of  February 
and  oviposition 

continues  till  near  the  middle  of  April,  being 
at  its  maximum,  however,  from  the  10th  of 
March  to  the  1st  of  April.  Most  of  the  eggs 
(fig.  3)  are  deposited  just  under  the  epidermis 
in  the  fruit  stems,  young  fruit,  and  leaf 
stems.  The  eggs  require  from  five  to  seven- 
teen days  to  hatch,  the  average  time  being 
about  eight  days. 

Larvse, — By  the  time  the  trees  are  break- 
ing into  full  bloom  the  adults  have  done 
most  of  the  damage  caused  by  their  feeding, 
and  oviposition  is  at  its  height.  Many  of 
the  earlier  appearing  adults  are  dying  off  and 
larvsB  (fig.  4)  are  beginning  to  appear  in 
Fw.  4.-The  pear  thrips;  Larva,  numbers.  The  vcry  first  larvsB  can  usually 
greatly  enlarged.  (OriginaL)  j^^  j^^j  ^^^^^  j^^j.^j^  20,  and  are  in  maxi- 
mum numbers  on  the  trees,  feeding  on  the  small  fruit  and  young 
foliage,  from  the  first  to  middle  of  April.  Reaching  their  full  devel- 
opment, the  larv8B  drop  from  the  trees,  of  their  accord  or  with  falling 
calyces,  or  are  blown  by  wind  or  knocked  off  by  rain.  /-After  the 
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middle  of  April  the  number  on  the  trees  diminishes  rapidly,  and  by 
the  last  of  April  ajl  the  larvaB  are  oflf  the  trees  and  in  the  ground. 
Here  they  work  down  into  the  first  3  or  4  inches  of  hard  soil  below 
the  loose  surface  mulch  and  construct  a  tiny  cell,  where  they  remain 
until  the  following  spring. 

Pupse. — The  larvaB  mostly  remain  as  such  in  these  cells  till  Sep- 
tember, when  pupation  begins,  pupse  (fig.  5)  being  most  abundant 
during  October  and  November.  Many  adults  can  be  found  in  the 
ground  in  December,  and  by  the  1st  of  January  practically  all  the 
thrips  are  in  the  adult  stage  and  apparently  ready  to  emerge  and  go 
into  the  trees  whenever  conditions  are  right.  Broadly  speaking,  the 
thrips  spend  two  months  of  the  year  in  the  adult,  egg,  and  larval 

condition  on  the  trees  and  the  other 
ten  months  of  the  year  as  larv», 
pupffi,  and  adults  in  the  ground. 

CONTROL  MEASTTRES. 

The  pear  thrips  is  in  some  respects 
an  unusual  insect  in  that  it  remains 
in  a  dormant  or  semidormant  condi- 
tion for  about  ten  months  of  the  year. 
Although  on  the  trees  for  only  two 
months  out  of  the  twelve,  it  is  able 
in  this  short  time,  in  the  absence  of 
treatment,  to  completely  destroy  all 
prospects  of  a  crop  of  fruit,  in  many 
cases  within  a  very  few  days.  The 
trees  are  attacked  at  the  period  of 
bud  swelling  and  blossoming,  when 
they  are  most  susceptible  to  injury. 
These  minute  insects  come  literally 
in  swarms,  and  may,  if  left  alone, 
completely  destroy  all  of  the  fruit 
buds  of  an  orchard  in  four  or  five  days.  Many  cases  have  been 
known  where  a  delay  of  four  or  five  days  in  spraying  resulted  in 
loss  of  the  entire  crop  of  fruit,  and  in  some  cases  half  of  all  the 
buds  were  killed  in  three  days  after  the  thrips  appeared  on  the  trees 
in  great  numbers.  In  view  of  this  condition  it  is  very  evident  that 
any  means  of  control  must  be  very  thorough  and  done  in  the  most 
exacting  manner  at  the  proper  time. 

EXPERIMENTS  IN  THBIPS  CONTROL. 

Many  experiments  with  soil  fumigants,  fertilizers,  and  irrigation 
were  made  with  the  hope  of  killing  the  thrips  while  in  the  ground, 


Fio.  6.— The  pear  thrips:  Pupa,  greatly 
enlarged.    (OriglnaL) 
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but  all  of  them  have  proved  to  be  absolutely  of  no  avail,  or  at  most 
impractical  and  expensive.  In  most  cases  the  general  vigor  and 
health  of  the  trees  were  improved  by  early  fall  irrigation  and  by  the 
appUcatlon  of  fertilizers. 

CULTIVATION. 

Thorough  plowing  in  the  fall  in  prune  orchards  planted  on  gravelly 
and  sandy  soils  gave  very  helpful  results.  Success  by  deep  plowing, 
cross  plowing,  and  harrowing  in  October  and  November  was  fairly  gen- 
eral in  all  experiments  tried  in  Santa  Clara  County  in  the  fall  of  1908 
and  1909.  This  manner  of  cultivation,  when  carried  out  to  a  depth 
of  from  7  to  9  inches,  resulted  in  killing  from  60  to  80  per  cent  of  the 
thrips  present  in  the  soil,  but  was  not  a  sufficient  control,  as  enough 
thrips  escaped  to  cause  great  injury  to  the  buds  the  following  spring. 

SPRAYING. 

A  long  list  of  insecticides  was  tried  out  in  spraying  experiments, 
both  in  the  laboratory  and  by  spraying  the  trees  in  the  spring.  All 
poison  sprays  had  to  be  abandoned  because  of  the  inability  to  poison 
the  thrips,  as  both  adults  and  larv8B  do  not  feed  in  a  way  to  be  sub- 
ject to  poisoning.  Sticky  sprays  were  difficult  to  apply  and  proved 
ineflfective,  as  they  do  not  retain  this  quaUty  long  and  the  thrips 
seem  capable  of  moving  around  on  almost  any  kind  of  surface.  Dust 
sprays  and  preventive  sprays  had  to  be  abandoned  because  the  dust 
sprays  failed  to  kill  and  the  rapid  sweUing  of  buds  and  continued 
appearance  of  new  surface  area  gave  the  thrips  plenty  of  feeding 
ground  and  exposed  places  of  entrance  into  the  buds.  Success  with 
contact  sprays  seemed  more  apparent;  of  these,  various  caustic 
sprays,  such  as  caustic-soda  and  carboUc-acid  solutions,  gave  excel- 
lent results  in  killing  the  thrips,  but  were,  as  a  rule,  unsafe  because 
of  injury  to  the  trees. 

Solutions  of  tobacco  extract  were  very  promising,  and  when  used 
at  sufficient  strengths  killed  all  the  thrips  actually  reached,  but  they 
lacked  sufficient  penetrating  quaUty  to  enter  the  sweUing  buds,  a  con- 
dition absolutely  necessary,  especially  on  pears,  as  most  of  the  injury 
is  done  inside  the  cluster  buds.  Mechanical  mixtures  of  various 
mineral  oils  and  animal-oil  soaps  were  tried  and  abandoned  because 
of  the  difficulty  of  keeping  them  thoroughly  mixed  and  the  resulting 
injury  to  the  trees  caused  by  free  oil  separating  out.  Fish-oil  soap 
emulsions  with  these  various  oils  gave  better  results,  the  raw  distil- 
lates running  from  30°  to  40®  Baum6  being  decidedly  preferable  over 
either  the  kerosenes  or  the  heavy  crude  oils. 

A  distillate-oil  emulsion  made  according  to  directions  (see  pages 

8-10)  gave  better  penetration  into  the  swelling  pear  buds  than  any  other 

material  which  has  been  tried.     There  was  one  drawback,  however; 

when  this  emulsion  was  used  in  sufficient  strengths  to  kjH  all  the 
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thrips  present  or  even  a  large  percentage  of  them,  there  was  consid- 
erable oil  injury  to  the  buds.  It  was  found  that  the  weaker  emulsions 
of  from  3  to  6  per  cent  strengths  had  all  the  desired  penetrating  quali- 
ties and  with  little  or  no  injurious  eflFect  upon  the  trees.  As  the  nico- 
tine solutions  killed  all  the  thrips  present  and  gave  no  spray  injury 
this  led  to  a  combination  of  the  two  in  Contra  Costa  County  in  the 
spring  of  1909  with  most  satisfactory  results. 

A  tobacco  extract  containing  2j  per  cent  nicotine,  diluted  at  the. 
rate  of  1  to  60  in  a  6  per  cent  distillate-oil  emulsion,  killed  all  the 
thrips  touched  and  penetrated  well  into  the  pear  cluster  buds.  The 
pubescent  covering  of  the  individual  buds  in  the  cluster,  being  resist- 
ant to  water,  seemed  to  act  on  the  dilution  in  distillate-oil  emul- 
sion in  much  the  same  manner  as  the  wick  upon  oil  in  a  lamp.  Vari- 
ous other  combinations  of  nicotine  solutions  with  "lime  and  sulphur 
solutions"  and  "lysol  solutions"  and  "soap  solutions"  were  tried 
extensively,  but  none  proved  to  be  as  effective  and  at  the  same  time 
as  practical  as  the  combination  of  distillate-oil  emulsion  and  the  nico- 
tine solutions. 

DI8TILLATB-OIL  EMULSION. 

Homemade  preparation, — Because  of  its  cheapness  and  greater 
eflficiency  as  a  penetrating  spray,  and  therefore  a  more  satisfactory 
killing  agent,  growers  are  strongly  advised  to  make  their  own  emul- 
sions and,  preferably,  the  soap,  although  the  latter  can  usually  be 
depended  on  if  bought  from  reliable  dealers. 

Directions  for  mahing, — To  make  soap  use  this  formula  or  some 
multiple  of  same : 

Water 6  gallons. 

Lye  (98  per  cent) 2  pounds. 

Fish  oil li  gallons. 

Put  the  water  in  a  caldron  or  boiler  and  add  the  lye.  When  the  lye 
is  thoroughly  dissolved  and  the  water  boiling,  pour  in  the  fish  oil,  stir- 
ring in  the  meantime,  and  boil  slowly  for  two  hours.  When  the  soap 
has  boiled  sufficiently  it  should  give  a  ropy  effect  when  stirred  and 
brought  up  upon  the  ladle.  This  formula  gives  about  40  pounds  of 
moderately  firm  soap. 

Growers  are  cautioned  to  buy  only  genuine  fish  oil  and  not  a  fish- 
oil  compound  or  a  mixture  of  fish  oils  and  vegetable  oils.  Herein  lies 
part  of  the  secret  of  the  penetrating  efficiency  of  the  distillate  emul- 
sions made  by  using  animal-oil  soap  as  the  emulsifier.  The  cost  of 
the  soap  is  $0.0165  per  pound  made  from  fish  oil  at  35  cents  a  gallon. 

The  distillate-oil  stock  emulsion  should  be  made  as  follows: 

Formula :« 

Hot  water 12  gallons. 

Fish-oil  or  whale-oil  soap 30  pounds. 

Distillate  oil  (raw)  30*=*  to  34°  Baum^ 20  gallons. 

<i  For  a  spray  tank  of  200  gallons  capacity,  five  times  this  formula  can  be  made  at 

one  time.  (^  r\r\n]r> 
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Have  the  water  boiling  hot  when  put  into  the  spray  tank  and  add 
the  soap  immediately  while  the  agitator  is  runniilg  at  a  good  speed. 
When  the  soap  is  all  thoroughly  dissolved,  pour  in  the- oil  slowly, 
keeping  the  mixture  well  agitated  while  the  oil  is  going  into  the  tank. 
When  all  the  oil  is  in  and  well  mixed,  pump  out  through  the  nozzles  at 
good  pressure  (not  less  than  175  poimds)  into  storage  tanks. 

No  one  should  attempt  to  make  this  stock  emulsion  without  a 
power  spraying  machine,  as  thorough  agitation  and  high  pressure  are 
important  requisites.  Also,  care  should  be  used  in  having  measure- 
ments reasonably  exact,  the  water  boiling  hot,  and  soap  thoroughly 
dissolved,  before  any  oil  is  put  in.  This  stock  emulsion  contains 
approximately  55  per  cent  oil,  and  to  make  a  3  per  cent  emulsion  use 
5i  gallons  of  this  stock  in  each  100-gallon  tank.  To  dilute,  first  put 
the  stock  emulsion  in  spray  tank  (have  the  agitator  going),  and  then 
add  the  water,  keeping  the  agitator  running  all  the  time.  This  is 
important  with  the  commercial  preparations  as  well  as  with  the  home- 
made emulsions.  For  the  combination  sprays  of  oil  emulsions  and 
nicotine  solutions,  the  nicotine  should  be  added  last;  that  is,  after  the 
oil  emulsion  has  been  diluted  to  the  desired  strength.  These  solu- 
tions should  not  be  mixed  together  without  first  diluting  one  of  them. 

This  concentrated  emulsion  will  cost  the  grower  about  5  cents  per 
gallon,  as  most  of  the  various  distillates  used  for  spraying  cost  from 
5  to  10  cents  a  gallon  in  drum  lots. 

In  the  spraying  season  of  1910  many  growers  of  Contra  Costa 
County  experienced  great  diflBculty  in  making  emulsions  that  would 
remain  emulsified  when  diluted.  Part  of  this  trouble  was  due  to  the 
varying  degrees  of  hardness  in  the  water,  but  more  to  the  composition 
of  the  oil,  especially  where  the  treated  oils  and  in  some  cases  ordinary 
stove  distillates  were  used.  Even  after  these  treated  oils  were  emul- 
sified by  changing  the  amount  of  soap  used  and  treating  the  water 
to  "soften"  it,  the  result  was  not  satisfactory,  as  the  diluted  emulsion 
from  this  lacked  the  essential  penetrating  quality  and  had  a  tendency 
to  collect  in  lai^e  drops  rather  than  to  spread  out  in  a  thin  film. 

Experiments  conducted  thus  far  indicate  that  success  is  more 
uniformly  obtained  by  using  an  untreated  raw  distillate  32°  to  34° 
Baum6  with  comparatively  high  flashing  point.  Some  of  the  treated 
oils  have  given  good  results,  but  as  a  whole  the  untreated  raw,  straight 
distillates;  comparatively  free  from  naphtha  and  with  a  high  flashing 
point,  have  given  far  better  and  more  general  satisfaction. 

Some  of  the  oil  companies,  particularly  in  the  Bakersfield  and 
Coalinga  districts,  put  out  raw  short-cut  distillates — that  is,  the  first 
distUlate  after  the  naphtha,  gasolines,  etc.,  have  been  removed. 
This  kind  of  oil  when  running  32°  to  34°  Baum6  should  under  all  cir- 
cumstances be  given  preference.  The  ordinary  stove  distillates 
have  not,  as  a  rule,  given  as  good  satisfaction,  possibly  because  they 
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contain  too  much  of  the  light  gaseous  oils,  which  lower  the  flashing 
point. 

There  are  several  commercial  preparations  of  oil  emulsions  and 
miscible  oils  on  the  market,  but  these  have  not  given  as  satisfactory- 
results  against  the  adult  thrips  as  the  homemade  preparation,  espe- 
cially on  pears,  on  account  of  the  noticeable  lack  of  penetration  into 
the  cluster  buds.  Besides,  all  of  these  conmiercial  preparations  are 
far  more  expensive.  Allowing  25  cents  per  hour  for  labor  in  making 
the  soap  and  the  concentrated  homemade  emulsion,  the  commercial 
preparations  cost  the  grower  from  2  to  5  times  more  than  the  more 
efficient  homemade  preparation. 

COMMERCIAL  BEST7LTS. 

During  the  season  of  1909-10  many  large-scale  experiments  and 
demonstrations  were  carried  out  in  pear,  prune,  and  cherry  orchards 
to  determine  more  conclusively  the  effectiveness  of  this  combined 
spray  and  to  put  the  treatment  on  a  conmiercial  basis;  also,  that 
growers  might  see  for  themselves  the  results  of  the  work  and  know 
the  monetary  gain  possible  by  such  control  measures  as  are  recom- 
mended. The  conmiercial  results  from  some  of  these  experiments 
are  given  below: 

PRUNES,  SANTA  CLARA  COUNTY. 

The  16-acre  prune  orchard  belonging  to  Mr.  P.  Landon,  situated 
in  the  Willows  district,  near  San  Jose,  Cal.,  consists  of  some  of  the 
largest  and  finest  prune  trees  in  the  valley.  The  trees,  which  are 
about  25  years  old,  are  planted  20  feet  apart  and  the  branches  now 
overlap  between  the  rows.  The  orchard  has  very  heavy  sandy  loam 
and  has  been  well  cultivated  and  usually  irrigated  twice  each  year. 
Thrips  became  injurious  in  the  year  1906,  increasing  greatly  in  1907, 
and  causing  much  injury  over  the  entire  orchard,  so  that  instead  of  a 
normal  crop  of  a  hundred  or  more  tons  of  green  (undried)  prunes  the 
entire  16  acres  produced  only  18  tons  of  green  fruit.  Injury  by  the 
thrips  was  worse  in  1908,  the  yield  that  year  being  only  10  tons  of 
green  prunes. 

Demonstration  fob  1909. 

In  the  fall  of  1908,  under  direction  of  the  Bureau  of  Entomology, 
Mr.  Landon  plowed  and  cross  plowed  this  orchard  to  a  depth  of  9 
inches,  with  thorough  harrowing  after  each  plowing.  Thrips  were 
very  abundant  in  the  soil,  there  being  sometimes  as  many  as  3,000 
to  the  square  foot. 

The  following  table,  giving  the  emergence  of  adults  in  spring  from 
samples  of  soil  taken  before  and  after  plowing,  shows  that  approxi- 
mately 70  per  cent  of  the  thrips  were  killed  by  cultivation:       t 
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Table  VI. — Number  of  adult  thrivs  emerging  from  cages  containing  samples  of  soil 
taken  before  and  after  plowing — Landon  prune  orchard j  1908-9. 


Plowed  and  cross  plo\«red. 

Before  plowing. 

Cage  I. 

Cage  II. 

Cage  III. 

Cage  IV. 

CageV. 

Cage  VI. 

475 

389 

607 

115 

1,175 

1,474 

Average  number  of  thrips  per  cage  before  plowing 1, 364 

Average  number  of  thrips  per  cage  after  plowing  and  cross  plowing 396 

Percentage  living  in  treated  areas  as  against  the  number  of  thrips  living  in  un- 
treated ground per  cent. .  30 

Approximate  percentage  killed do 70 

In  the  spring  of  1909,  5|  acres  of  this  16-acre  orchard  were  sprayed 
three  times;  twice  before  blooming,  for  adults,  the  first  appUcation 
March  8  and  9,  just  as  cluster  buds  were  spreading,  and  the  second 


Fio.  6.— Power  sprayer  at  work  in  Landon  prune  orchard,  1909.    (Original.) 

application  March  16  and  17,  just  as  the  white  tips  of  the  petals  were 
beginning  to  show.  The  third  application  or  larval  treatment  was 
put  on  April  11  and  12,  after  most  of  the  petals  had  fallen.  For  all 
sprayings  a  gasoline-power  outfit,  with  tower  platform  and  three 
leads  of  hose,  as  shown  in  figure  6,  was  used,  two  men  spraying  from 
the  ground  and  one  from  the  tower  to  cover  th6  tops  of  the  trees.  The 
material  used  was  the  recommended  3  per  cent  homemade/distillate- 
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oil  emulsion  with  commercial  tobacco  extract  No.  1,  added  at  the 
rate  of  1-60,  and  the  cost  of  the  three  applications  was  $157.38,  the 
labor  required  in  spraying  being  three  men  at  $2  per  day  and  one 
team  at  $2.50  per  day,  making  a  total  of  $8.50  per  day,  or  a  total  of 
$51  for  the  six  days;  gasoline  for  the  engine  cost  $2.40;  plowing  and 
cross  plowing  the  previous  fall,  $26.65,  making  a  total  cost  of  $237.45 
for  the  combined  treatment  of  plowing  and  spraying  the  5J  acres,  or 
$44.54  per  acre,  an  average  of  $0,449  per  tree. 

The  yield  from  this  plat  was  45  tons  of  green  prunes,  making  an 
average  yield  of  8.44  tons  per  acre,  or  155.17  pounds  per  tree.  The 
prunes  when  dried  averaged  54  to  the  pound,  giving  a  commercial 
value  for  the  plat  of  $1,710,  or  a  value  of  $320.82  per  acre,  or  an 
average  of  $2,948  per  tree,  as  the  prunes  were  sold  on  a  2^-cent  basis 
for  dried  prunes  averaging  80  to  a  pound. 

Plat  II. — The  rest  of  the  orchard,  comprising  10§  acres,  and  which 
only  had  the  plowing  and  cross  plowing  in  the  fall  of  1908,  at  the  cost 
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Fig.  7.— Diagram  showing  yield  in  green  prunes  per  acre  apon  the  sprayed,  plowed,  and  dbet^  blociES, 
Landon  prune  orchard,  1909:  a,  Sprayed  and  plowed,  a67.03  boxes,  value  $320.82  per  acre;  b,  plowed 
block,  85.65  boxes,  value  174.85  per  acre;  c,  check  block,  7  boxes,  value  16.66  per  acre.    (OriglnaL) 

of  $5  per  acre,  or  $0,046  per  tree,  yielded  21  tons  of  green  prunes,  or 
an  average  of  1.97  tons  per  acre,  or  36.45  pounds  per  tree,  giving  a 
commercial  value  of  the  plat  as  $798,  or  a  value  of  $74.85  per  acre, 
averaging  $0,692  per  tree. 

Plat  III,  check. — This  plat,  embracing  5  acres  of  the  prune  orchard 
belonging  to  Mr.  F.  Cottle,  and  immediately  adjoining  the  Landon 
orchard  and  of  the  same  kind  of  soil  and  with  similar  trees  in  regard 
to  size  and  previous  care,  received  no  treatment  for  thrips.  The  total 
yield  was  1,750  pounds  of  green  prunes,  or  an  average  yield  of  350 
pounds  per  acre,  or  3.24  pounds  per  tree,  representing  a  commercial 
value  of  $33.25  for  the  plat,  or  an  average  of  $6.65  per  acre  or  $0.06 
per  tree.  The  yield  and  value  per  acre  upon  the  three  plats  is  shown 
diagrammatically  in  figure  7. 

The  average  gain  per  acre  upon  Plat  I  was  obtained  after  adding 
the  total  cost  of  treatment  per  acre  to  the  value  of  the  crop  per  acre 
from  the  check  plat,  and  subtracting  that  amount  from  the  value  of 
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the  yield  per  acre  upon  Plat  I.  This  gave  a  net  gain  of  $269.53  per 
acre  as  returns  upon  an  investment  of  $44.54,  or  a  gain  of  about  600 
per  cent.  The  gain  upon  this  plat  due  to  the  spraying  alone  was 
$199.88  per  acre,  or  $1.85  per  tree. 

Plat  II,  which  received  only  the  plowing  and  cross  plowing,  gave, 
after  adding  the  cost  of  the  treatment  to  the  yield  per  acre  upon  the 
check  plat  and  subtracting  the  total  from  the  yield  per  acre  upon 
Plat  II,  a  gain  of  $63.20  per  acre  for  an  investment  of  $5,  or  about 
1,200  per  cent  on  the  investment. 

Owing  to  the  lateness  of  the  third  application  on  Plat  I,  the  larvaB 
caused  considerable  scabbing  on  the  fruit,  and  the  difference  in 
quahty  of  the  fruit  from  Plat  I  and  Plat  II  was  not  as  great  as  would 
have  been  the  case  had  the  larval  application  been  applied  a  few  days 
earher. 

Rbsults,  1910. 

During  the  fall  of  1909  part  of  the  orchard  was  irrigated  and  the 
entire  16  acres  were  plowed  to  a  depth  of  8  inches  in  November.  One 
small  block  was  cross  plowed.  The  entire  orchard  was  harrowed 
several  times  after  the  plowing. 

Plowing  Results. 

Soil  samples  were  taken  in  similar  cages  as  in  the  previous  year  and 
yielded  the  following  results: 


rage  No. 

Treatment. 

Total 
number 
thrips. 

Per  cent 
killed. 

n 

Before  plowing 

2.S13 
3.53 
3,379 
1.306 
2,731 
27 

0 

Il-a 

Plowed  once 

87 

IV       

Before  plowing 

0 

IV-a 

Plowen  once 

61 

I 

Before  plowing 

0 

I-a 

Plowing  and  cross-plowing 

98 

The  average  percentage  of  thrips  killed  by  one  plowing  was  71  per 
cent  and  the  average  number  killed  by  plowing  and  cross  plowing 
98  per  cent. 

No  spraying  was  done  in  1910,  except  a  few  trees  for  other  experi- 
ments. 

Results. ^AM  of  the  trees  on  the  16  acres  came  into  heavy  bloom, 
but  only  the  580  trees  of  Plat  I  and  one  block  of  about  80  trees  which 
was  sprayed  for  larvae  in  1909  set  a  heavy  crop,  as  many  thrips  were 
present  in  the  rest  of  the  orchard.  The  trees  sprayed  in  1909  were 
stronger,  and  so  many  of  the  thrips  had  been  killed  by  the  treatment 
that  the  accumulative  results  showed  almost  as  great  a  difference  in 
the  crop  yield  for  1910  as  was  the  case  in  1909,  when  the  spraying  was 
actuaUy  done.  Digitized  by  GoOglc 
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The  prunes  averaged  57  to  the  pound,  and  computations  made  on 
the  basis  of  5  cents  for  prunes  running  80  to  the  pound.  The  different 
yields  and  values  were  as  follows: 

Plat  I — Dernonstration  block  of  1909,  consisting  of  680  trees. — This 
block  yielded  35  tons  212  pounds  of  green  pruneS;  worth  $2^109.87 
for  580  trees,  or  $3.63  per  tree  or  $392.04  an  acre. 

Plat  II — Sprayed  for  larvx  in  1909,  80  trees. — This  block  yielded 
2  tons  676  pounds  of  green  prunes,  worth  $140.51  for  80  trees,  or  $1.99 
per  tree  or  $214.92  per  acre.     (This  was  part  of  Plat  11  in  1909.) 

Plat  III — Remainder  of  orchard,  consisting  of  10  a/res,  not  sprayed 
in  1909. — ^This  block  yielded  7^  tons  of  green  prunes  worth  $450.75 
for  1,080  trees  or  10  acres,  making  $0,417  a  tree  or  $45,075  an  acre. 

An  examination  of  the  above  statement  of  yields  and  values  shows 
that  great  headway  can  be  made  the  first  year  in  eliminating  the 
thrips  injury  from  an  orchard  by  thorough  spraying  and  that  a  con- 
siderable benefit  extends  into  the  second  year. 

Demonstrations  for  1910. 

The  6i-acre  prune  orchard  belonging  to  Mr.  H.  Curry  was  plowed 
and  cross-plowed  in  November,  1909,  to  a  depth  of  11  inches  and  har- 
rowed after  each  plowing.  The  block  was  then  sown  to  barley  for 
a  cover  crop  which  made  a  good  growth  and  was  at  spraying  time 
nearly  3  feet  high. 

Examination  of  two  samples  of  soil  17  by  17  inches  square,  taken 
before  plowing,  and  two  of  the  same  size  taken  after  plowing,  showed 
that  approximately  61  per  cent  of  the  thrips  were  killed. 

Plat  A, — In  addition  to  the  fall  plowing,  this  block  of  300  trees 
received  three  applications  of  commercial  tobacco  extract  No.  1  com- 
bined at  the  rate  of  1  to  66  with  3  per  cent  homemade  distillate-oil 
emulsion.  The  first  spraying  was  applied  March  7,  just  as  the  cluster 
buds  were  spreading.  The  second  for  adult  thrips  was  made  March  17, 
as  the  tips  of  the  petals  were  showing.  The  third  appUcation,  which 
was  for  the  larvae,  was  made  April  6,  after  most  of  the  petals  had 
fallen.  In  all  of  the  spraying  an  effort  was  made  to  direct  the  spray 
into  the  end  of  each  bud  and  to  drench  the  trees  thoroughly. 

Plat  B. — This  plat,  consisting  of  98  trees,  received  the  cultivation, 
but  no  spraying. 

Results. — ^The  first  application  was  made  too  late  to  obtain  best 
results,  and  a  large  number  of  buds  was  so  far  advanced  that  it  was 
difficult  to  reach  all  of  the  thrips.  A  series  of  coimts  showed  that  all 
of  the  exposed  thrips  were  killed  and  about  30  per  cent  of  those 
within  the  buds.  The  second  application  killed  practically  all  the 
thrips  left  on  the  trees  (over  90  per  cent),  as  the  bud  clusters  were 
spreading  at  this  time.     A  fair  portion  of  the  blossoms  set  fruit  on  the 
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sprayed  block  and  some  on  the  plowed  block,  but  the  fruit  on  the 
latter  continued  to  drop  until  picking  time.  The  yield  upon  the 
various  plats  is  shown  diagrammatically  in  figure  8,  and  was  as  foUows: 

Plat  A  yielded  16,254  pounds  of  green  prunes,  or  8,127  pounds  of 
dried  pnmes,  from  the  300  trees.  This  made  an  average  yield  of 
6,849.92  pounds  of  green  prunes  per  acre,  or  54.166  pounds  per  tree. 

Plat  B  yielded  1,032  pounds  of  green  prunes  or  516  pounds  of  dried 
pnmes  from  the  98  trees,  or  an  average  of  1,138.32  pounds  per  acre, 
or  10.54  pounds  of  green  prunes  per  tree. 

Plat  C,  consisting  of  10  acres,  was  left  untreated  to  serve  as  a  check 
for  comparison,  and  yielded  860  pounds  of  green  prunes,  or  430  pounds 
of  dried  prunes,  for  the  1,080  trees.  This  gives  an  average  yield  of 
86.4  pounds  per  acre,  or  0.8  pound  of  green  prunes  per  tree. 
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TiQ.  & — Diagram  showing  yield  per  acre  in  green  pmneSi  Curry  orchard,  1910:  a,  Sprayed  and  plowed, 
136.06  boxes,  value  $190.06  per  acre;  b,  plowed  block,  26.46  boxes,  value  S34.02  per  aero;  e,  check  block, 
2  boxes,  value  $2.50  per  acre.    (Original.) 

Scabbiness. — An  examination  and  count  was  made  of  all  the  fruit 
from  5  trees  on  the  sprayed  block  and  from  5  trees  in  the  unsprayed 
block,  giving  the  following  results : 


Sprayed  block.. 
Unsprayc 


Plai. 


Total 
number 
pnmes. 


Jnsprayed  block.. 


10. 139 
S2G 


Number 
clean. 


0 


Number 
scabby. 


308 
826 


Per  cent 

free  from 

scab. 


96 
0 


It  will  be  seen  from  the  above  table  that  the  sprayed  fruit  was  prac- 
tically free  from  scab  (the  4  per  cent  that  was  scabby  being  only  very 
slightly  marked),  while  the  unsprayed  fruit  was  all  badly  scabbed. 

Size  of  fruit, — Comparisons  of  the  sprayed  and  unsprayed  fruit 
when  dried  showed  the  former  to  average  50  prunes  to  the  pound  and 
the  unsprayed  60  to  the  pound,  making  a  difference  of  $10  a  ton, 
which  would  pay  nearly  half  the  cost  of  the  spraying. 

ValtLe  of  the  crop. — As  all  of  the  values  of  the  prune  yields  for  1910 
have  been  figured  on  a  5-cent  basis  for  prunes  averaging  80  to  the 
pound  dried,  this  basis  is  here  employed,  although  the  crop  was  sold 
for  more  than  the  above  quotation  and  premiums  were  given  for  the 
large  size  and  quality  of  the  fruit. 

Digitized  by  VjOOQ IC 


16  HOW  TO  CONTROL  THE  PEAB  THRIPS. 

Plat  A,  which  produced  16,254  pounds  of  green  prunes  from  300 
trees,  gave  a  crop  value  of  $528,255,  or  $1.7608  a  tree,  or  $190.08  an 
acre. 

Plat  B,  which  yielded  1,032  pounds  of  green  prunes  from  98  trees, 
gave  a  crop  value  of  $30.96,  or  $0,315  a  tree,  or  $34.02  an  acre. 

Plat  C,  which  yielded  860  pounds  of  green  prunes  from  1,080  trees, 
gave  a  crop  value  of  $25.80,  or  $0,024  a  tree,  or  $2,592  an  acre. 

Cost  of  spraying. — As  3,800  gaUons  of  diluted  spray  material  were 
used  for  all  three  sprayings  upon  Plat  A,  the  total  cost  at  $0.01625 
per  diluted  gallon  would  be  $61.75.  The  labor  and  gasoline  cost  2 
cents  a  tree,  each  application,  for  the  300  trees,  or  a  total  of  $18.  The 
total  cost  of  the  spraying  was  $79.75,  or  $0,265  a  tree,  or  $28.78  an 
acre  for  the  three  applications. 

Gain  due  to  spraying, — The  gain  due  to  the  spraying  would  be  ob- 
tained by  adding  the  value  of  the  crop  per  tree  on  Plat  B  to  the  cost 
of  the  spraying  and  subtracting  the  product  from  the  value  of  the 
crop  per  tree  of  Plat  A.  This  gives  a  gain  due  to  the  spraying  of  $1.18 
per  tree,  or  $127.44  an  acre. 

Other  Demonstrations. 

In  cooperation  with  or  working  imder  the  advice  of  the  Bureau  of 
Entomology,  several  fruit  growers  in  Santa  Clara,  Contra  Costa, 
Solano,  and  Sacramento  counties  during  1910  gave  thorough  treat- 
ment to  portions  of  their  orchards  and  left  similarly  infested  areas 
untreated  without  any  protection  from  thrips  injury.  Many  of  these 
demonstrations  were  highly  successful,  but  for  lack  of  space  only  two 
of  these  are  recorded  herein  in  some  detail.  These  results  show  very 
conclusively  what  can  be  done  by  the  individual  growers  if  the  right 
material  is  properly  applied  in  time  to  kill  the  thrips  before  the  buds 
have  been  destroyed,  and  that  the  treatment  will  increase  the  yield 
and  value  of  the  crop,  frequently  paying  several  hundred  per  cent 
on  the  investment. 

PEARS,    CONTRA  COSTA   COUNTY. 

An  orchard  consisting  of  about  5i  acres  of  Bartlett  pears  belonging 
to  John  Swett  &  Sons,  in  the  Alhambra  Valley,  near  Martinez,  Cal., 
had  been  badly  damaged  by  thrips  for  tliree  years,  causing  almost 
total  failure  of  crop. 

In  the  spring  of  1910  Mr.  Frank  T.  Swett  had  550  of  the  trees 
sprayed  twice  for  adults,  and  a  portion  of  these  received  a  third 
application  or  larval  treatment.  All  spraying  consisted  of  the  rec- 
ommended material  (commercial  tobacco  extract  No.  1  diluted  1  part 
to  66  in  3  per  cent  homemade  distillate-oil  emulsion)  put  on  the  trees 
with  good  pressure,  using  gasoline-power  outfit  with  8-foot  tower, 
thus  enablii^  one  man  to  cover  thoroughly  the  tops  of  the  trees  and 
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drencli  all  buds  pointing  upward  which  could  not  be  properly  sprayed 
by  the  men  on  the  ground. 

Four  trees  in  one  side  of  this  orchard,  same  variety,  same  age  and 
size,  and  all  other  conditions  the  same,  were  left  unsprayed. 

Results. — ^Without  a  single  exception  all  of  the  550  sprayed  trees 
came  uniformly  into  full  bloom,  while  tlie  trees  left  unsprayed  showed 
only  very  few  scattering  blossoms  and  these  badly  injured.     Figure  9 


Fig.  9.— Swell  pear  orchard  at  time  of  blooming.    Sprayed  trees.    (After  Swctt.) 

shows  the  condition  of  a  sprayed  tree  at  blossoming  time.  The  550 
sprayed  trees  gave  a  yield  of  1,700  boxes  of  No.  1  pears  and  150 
boxes  of  No.  2  pears.  The  Xo.  1  pears,  at  an  average  net  price  of 
80  cents  per  box,  gives  $1,360,  and  the  150  boxes  of  No.  2  pears,  at 
50  cents  per  box,  gives  $75,  making  a  total  of  $1,435,  the  value  of  the 
crop  from  550  sprayed  trees,  or  practically  $2.60  per  tree. 
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Figure  10  shows  an  unsprayed  tree  at  blossominf^  time.  The 
unsprayed  trees  gave  a  yield  of  less  than  one-fourth  box  per  tree,  all 
of  which  was  scarred,  misshapen,  and  unmerchantable;  but  counting 
them  as  No.  2  pears,  at  50  cents  per  box,  gives  a  return  of  about 
12^  cents  per  tree. 

According  to  Mr.  Swett,  tlie  spraying,  including  material,  labor, 
and  all  expenses  connected  with  tiie  operation,  cost  less  than  25  cents 


FiQ.  10.— Swett  pear  orchard  at  time  of  blooming.    Unsprayed  trees,  sprayed  portion  of  * 
orchard  in  background.    (After  Swett.) 

per  tree  for  the  550  trees.  This,  plus  the  value  of  the  crop  (12^  cents) 
from  the  check  trees,  gives  37i  cents.  Subtracting  this  from  the  $2.60, 
value  of  the  crop  per  tree  in  the  sprayed  block,  leaves  a  net  gain  of 
$2,125  per  tree,  or  approximately  $225  per  acre,  or  a  return  of  over 
900  per  cent  on  the  investment. 
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In  the  letter  giving  the  results  upon  which  these  itemized  figures 
are  based,  Mr.  Swett  continues: 

The  results  from  spraying  on  prune  trees  were  very  marked.  Owing  to  cross  limbs 
we  could  not  use  the  tower  in  spraying  the  prune  orchard.  The  crop  was  protected 
only  up  to  the  distance  from  the  groimd  that  could  be  reached  by  the  spray  rods. 
We  wet  the  tops  of  the  trees  as  best  we  could,  but  could  not  drive  the  spray  into  the 
bud  and  flower  clusters  directly  from  the  nozzles.  Anyone  can  tell  where  the  rods 
reached,  for  above  the  line  there  is  no  crop,  and  below  that  line  the  limbs  mostly 
have  to  be  propped. 

CHERRIES,    SACRAMENTO   COUNTY. 

A  good  demonstration  showing  the  possibility  of  control  and  the 
commercial  advantage  by  spraying  cherries  was  given  by  Mr.  T.  W. 
Dean,  near  Courtland,  Cal.  Mr.  Dean  has  about  IJ  acres  or  180  trees 
in  bearing,  which  were  sprayed  upon  an  average  four  times  in  the 
spring  of  1910  (some  of  the  trees  sprayed  five  times  and  the  remainder 
only  three  times).  The  cost  of  the  spraying  was  approximately  $90, 
or  50  cents  per  tree.  Mr.  Dean  shipped  1,362  boxes  of  cherries  from 
the  180  trees,  or  7.56  boxes  per  tree,  which,  at  a  net  value  of  $1,196  per 
box,  gives  a  return  of  $1,619.95,  or  $8.99  per  tree. 

Sixty-five  trees  belonging  to  Mr.  I.  G.  Doty  and  immediately 
adjoining  the  above  orchard  were  not  sprayed.  The  65  trees  gave  a 
yield  of  43  boxes,  averaging  practically  two-thirds  of  a  box  per  tree, 
or  a  cash  value  of  $0,798  per  tree.  Adding  this  to  the  cost  of  spray- 
ing, 50  cents  per  tree,  gives  $1.30  as  the  amount  to  be  deducted 
from  the  value  of  the  crop  per  tree  in  the  sprayed  orchard.  The 
difference  is  $7.49  per  tree,  or  approximately  $898.80  per  acre, 
the  net  gain  due  to  spraying  paying  over  1,400  per  cent  on  the 
investment. 

BECOMMENDATIONS. 

Spraying  is  by  far  the  most  satisfactory  means  for  controlling  the 
pear  thrips  on  all  classes  of  deciduous  fruit  trees  in  California. 
However,  to  spray  successfully  involves  an  entirely  different  concep- 
tion of  the  operation  than  as  ordinarily  practiced  against  other  orchard 
insects.  Only  the  most  efficient  spray  materials  should  be  used, 
namely,  the  combination  of  distillate-oil  emulsion  and  tobacco  extract 
or  distillate-oil  emulsion  and  nicotine  solutions.  The  spraying  must 
be  thoroughly  done  and  put  on  the  trees  when  the  thrips  appear  in 
numbers,  not  waiting  till  many  buds  have  been  destroyed.  It  is 
strongly  advised  to  use  power  machines,  and  growers  are  urged  to 
use  them  for  all  the  spraying,  ^.nd  to  have  a  tower  platform  elevated 
over  the  tank  so  that  one  man  can  thoroughly  drench  the  tops  of  the 
trees.  Figures  6  and  11  show  two  good  types  of  power  outfits  at 
work.  It  is  absolutely  necessary  to  use  high  pressure — from  150  to 
200  pounds — and  only  angle  nozzles  should  be  employed,  and  these 
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must  be  held  close  to  the  bud  clusters  to  force  the  spray  directly  into 
the  ends  of  the  huds.  This  is  absolutely  necessary  to  secure  good 
penetration  and  get  satisfactory  results.  Plenty  of  material — 3  to  5 
gallons  per  tree  for  pears,  depending  on  the  size  of  the  tree — should  be 
used;  more  liquid  is  required  for  large  prune  trees;  large  cherry  trees 
may  require  7  to  8  gallons  per  tree  for  satisfactory  results.  Only  two 
rows  should  be  sprayed  at  a  time,  using  three  men,  one  on  the  tower 
to  spray  the  tops  of  the  trees,  thus  reaching  all  buds  pointing  upward, 
and  two  men  on  the  ground  (one  to  each  row)  to  spray  the  lower 
buds  and  those  pointing  downward  or  laterally. 


!/' 

\   \  ivuf'* 

FlQ.  11.— Power  outfit  ready  for  use  in  spraying  experiments  in  pear  orchards,  Contra  Costa  County, 

Cal.,  1910.    (Original.) 

TIMING   THE   APPLICATIONS. 

The  spraying  must  be  done  on  time,  and  for  best  results  all  the  trees 
should  be  treated  within  a  few  days.  During  the  season  of  1910  more 
of  the  failure  to  get  satisfactoiy  results  was  due  to  lateness  of  applica- 
tion than  to  any  other  one  cause.  Thrips  were  in  the  trees  and  in 
great  numbers  before  many  of  the  growers  purchased  their  spraying 
supplies,  and  in  many  cases  half  the  buds  were  entirely  destroyed  and 
the  others  badly  injured  before  the  trees  had  been  given  even  the  first 
application.  The  grower  should  have  every  tiling  in  readiness,  all 
materials  on  hand,  concentrated  emulsion  made  up,  and  spray  machin- 
ery in  perfect  working  order  by  the  first  of  March  and  have  all  other 
orchard  work  in  such  shape  that  when  the  thrips  appear  in  mimbers 
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the  Spraying  may  be  done  at  once  and  before  the  buds  have  been 
serioxisly  mjured  by  the  feedmg  of  the  adults.  The  grower  should 
have  enough  spray  machines  to  cover  the  orchard  quickly.  At  least 
one  good  power  outfit  is  necessary  for  every  30  acres  of  orchard. 

SCHEDULE   OF  APPLICATIONS. 

In  badly  infested  orchards  three  appUcations  are  necessary  the 
first  year  for  controlling  the  pear  thrips.  Two  of  these  sprayings 
should  be  directed  against  the  adults  and  one  against  the  larvae,  and 
to  obtain  satisfactory  results  must  be  timed  properly. 

First  application, — The  first  spraying  should  come  as  soon  as  the 
thrips  can  be  found  on  the  trees  in  numbers.  This  will  usually  be 
the  first  two  or  three  days  of  March,  just  as  the  earliest  buds  are 
separating  sUghtly  at  the  tips.  In  figures  12,  13,  and  14  are  shown 
photographs  of  the  more  advanced  buds  of  Bartlett  pear,  Imperial 
and  French  prunes, 
and  Black  Tartarian 
cherry,  which  were 
taken  at  time  of  first 
application. 

Second  applica^ 
tion. — The  second 
spraying,  whichis  also 
for  adults,  should 
come  from  four  to 
ten  days  after  the 
fi  rst ,  depending  some- 
what on  variety  of  ^^- 12.— Bartlett  pear  cluster  buds  showing  stage  of  earliest  buds  at 
M      .,  ,  -    1       ,  time  of  first  spraying  against  thrips.    (Original.) 

fruit,    stage    of  bud 

development,  and  rapidity  of  emergence  of  thrips  from  the  ground. 
On  pears  this  will  usually  be  just  as  the  earUest  cluster  buds  are 
spreading,  and  on  prunes  and  cherries  when  the  tips  of  the  petals  first 
begin  to  show. 

Both  of  these  appUcations  are  important  and  necessary  to  insure 
the  production  of  a  good  crop  of  uninjured  blossoms.  The  nozzles 
should  be  held  close  to  the  bud  clusters  and  the  spray  directed  into 
the  ends  of  the  buds.  This  makes  it  necessary  that  the  spraying  be 
done  mostly  from  above. 

Third  application. — The  third  spraying  is  for  larvse  and  properly 
comes  just  as  most  of  the  petals  are  falling  from  the  trees,  depending 
somewhat  upon  the  variety  of  fruit.  In  any  case  the  small,  white, 
active  larvae  can  be  easily  seen,  and  when  they  first  become  abun- 
dant spraying  should  be  done.  In  this  larval  spraying  on  cherries 
and  prunes  where  there  is  a  large  amount  of  leaf  surface  exppsed,  the 
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spray  should  be  directed  first  against  the  underside  of  the  leaves, 
beginning  with  the  lowest  branches  and  spraying  upward.  Most  of 
the  larvsB  are  feeding  on  the  under  surface  of  the  leaves,  and  spraying 
the  upper  surface  first  would  serve  to  knock  the  larv©  from  the  trees 
without  their  coming  into  contact  with  the  spray.  Angle  nozzles  of 
the  type  shown  in  figure  15,  giving  coarse,  penetrating  spray,  should 
be  used  for  all  applications. 

MATERIALS   TO   USE. 

The  combination  of  3  per  cent  homemade  distillate-oil  emulsion, 
made  from  raw  distillate,  32°  to  34®  Baum6,  and  the  nicotine  solutions, 


a  b 

Fig.  13.— «,  French  prune  buds;  6,  Imperial  prune  buds;  showing  stage  of  earliest 
buds  at  time  of  first  application  against  thrips.    (Original.) 

is  given  preference  over  all  other  sprays  used  so  far.  To  dilute, 
measure  out  5^  gallons  of  the  stock  emulsion  for  each  lOO-gallon 
spray  tank,  or  11  gallons  for  a  200-gallon  tank;  start  the  engine;  pour 
the  stock  emulsion  into  the  spray  tank,  and  while  the  agitator  is 
running,  add  the  water  to  fill  up  the  tank,  putting  in  the  strong 
nicotine  solution  last  and  after  the  stock  emulsion  has  been  diluted. 
For  spraying  in  the  interior  counties  add  to  this  dilute  oil-emulsion 
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commercial  tobacco  extract  No.  1,  which  is  a  dark,  almost  viscous 
liquid  containing  2.75  per  cent  nicotine,  at  the  rate  of  1  to  75;  or 
tobacco  extract  No.  2,  which  is  a  light-colored  liquid  containing  40 
per  cent  of  almost  nonvolatile  nicotine  at  the  rate  of  1  to  1,500,  or  a 
fraction  more  than  a  pint  to  a  200- 
gallon  tank.  This  form  of  the  nicotine 
has  been  highly  efficient  and  Mdll  in 
all  probabiUty  be  more  satisfactory 
than  the  former.  By  reason  of  its 
greater  concentration  the  handling 
and  transportation  charges  will  be 
much  less ;  ako,  the  nicotine  contained 
in  this  preparation  is  much  less  vola- 
tile, thus  allowing  the  use  of  a  smaller 
amount  of  actual  nicotine  in  the  dilu- 
tion as  it  remains  an  active  killing 
ag^  for  a  longer  time  on  the  trees. 
Ill  Santa  Clara  County  greater 
dilutions  than  these  have  been  found 
to  be  satisfactory,  due  most  likely  to 
different  climatic  conditions,  evapo- 
ration there  being  much  less  at  this 
time  than  in  the  interior  counties 
where  the  atmosphere  is  drier.  Grow- 
ers in  the  Santa  Clara  Valley  are 
advised  to  use  the  3  per  cent  distillate-oil  emulsion,  with  tobacco 
extract  No.  1  added  at  the  rate  of  1  to  100  or  tobacco  extract  No. 
2  at  the  rate  of    1  to  2,000.     These  recommendations  hold  for  all 

thrips  sprayings,  for  both  adults  and 
larvae  and  on  all  varieties  of  deciduous 
fruits  attacked  by  the  pear  thrips.  No  or- 
chards should  be  sprayed,  however,  when 
the  trees  are  in  full  bloom.  All  spraying 
for  adults  should  be  done  before  the  blos- 
soms appear  and  spraying  for  larvae  after 
a  large  proportion  of  the  petals  have 
fallen. 

In  the  prune  orchards  of  Santa  Clara 
Valley  deep  fall  plowing  and  cross-plow- 
ing has  proved  a  valuable  and  profita- 
ble aid  in  controlling  the  thrips.  Those  who  can  do  so  are  strongly 
advised  to  irrigate  their  orchards  in  September  or  October,  and  when 
the  soil  is  in  proper  condition  plow  with  disk  plows  to  a  depth  of  7  or 


Fio.  14.— Buds  of  Black  Tartarian  cherry  at 
time  of  first  application  against  thrips. 
About  one-half  natural  size.    (Original.) 


Fio.  15.— Angle  noszle  of  the  large  cham- 
ber type  used  In  spraying  experiments. 
(Original.) 
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8  inches  and  harrow,  then  cross  plow  8  to  9  inche>s  deep  and  harrow 
again.  All  plowing  should  be  done  during  the  months  of  October  and 
November.  During  this  season  the  thrips  are  passing  through  the 
tender  pupal  stage  and  are  more  easily  killed  by  mechanical  means 
than  at  any  other  season  of  the  year. 

Plowing  has  not  proved  satisfactory  as  even  a  partial  means  of 
controlling  the  thrips  in  the  pear  orchards  of  the  interior  counties. 
This  is  due,  perhaps,  to  several  conditions,  one  of  which  is  the  diflfer- 
ent  type  of  soil,  and  another,  the  fact  that  the  area  of  soil  infested 
with  thrips  around  pear  trees  is  very  much  less  than  around  prune 
trees,  the  branches  of  which  spread  farther,  covering  a  greater  surface 
of  ground.  The  larvae  in  leaving  the  trees  fall  to  the  ground  directly 
from  the  foUage  and  young  fruit,  rather  than  crawl  down  the  trunks 
of  the  trees;  hence  in  a  prune  orchard  they  are  more  widely  distrib- 
uted throughout  the  soil  between  the  trees  and  can  be  reached  by  the 
plows,  while  in  a  pear  orchard  most  of  the  larvae  in  the  ground  are 
close  around  the  base  of  the  trees. 

SXTHMABY. 

The  pear  thrips  can  be  controlled  by  thorough  spraying  on  any 
variety  of  the  deciduous  fruits  grown  in  the  infested  areas  of  Cali- 
fornia. 

The  sprayings  necessary  to  control  the  tlu^ips  are  expensive,  but  the 
outlay  of  money  and  labor  gives  large  returns.  Many  experiments 
in  spraying  have  given  net  returns  of  from  $100  to  $600  per  acre  more 
than  was  secured  from  adjoining  untreated  areas. 

The  thrips  work  rapidly  and  may  destroy  all  prospects  of  a  crop 
in  less  than  a  week's  time.  Spraying,  to  be  successful,  must  be  done 
thoroughly  and  at  the  time  to  kill  the  thrips  before  the  fruit  buds 
have  been  destroyed. 

Those  who  can  do  so  successfully  are  advised  to  irrigate  and  plow 
in  the  fall.  This  is  to  be  followed  by  thorough  spraying  the  follow- 
ing spring. 

'When  the  thrips  begin  to  appear  on  the  trees  in  numbers,  spraying 
should  be  done  thoroughly,  using  high  pressure,  holding  nozzles  close 
to  buds,  and  directing  the  spray  directly  into  the  ends  of  the  buds,  and 
not  against  the  sides. 

Growers  should  not  attempt  to  spray  too  many  trees  with  one 
machine.  More  profitable  returns  will  be  gained  by  spraying  half  of 
the  orchard  thoroughly  and  at  the  proper  times  than  by  spraying  all  the 
orchard  poorly  one  time.  Results  of  the  work  in  1909  and  1910  show 
conclusively  that  one  application  is  not  sufficient  when  the  thrips  are 
abundant. 
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TQE  PERIODICAL  CICADA  IN  1911. 

(Tibicea  uptendecim  L.) 

By  C.  L.  Masl^tt, 
Entomologist  and  Asnstant  Chief  of  Bureau. 

INTRODUCTION. 

Two  important  broods  of  the  periodical  cicada  (fig.  1)  will  appear 
this  year.  One  of  these  belongs  to  the  17-year  race  and  extends  from 
New  York  southward  into  North  Carolina,  in  general  lying  east  of  the 
Allegheny  Mountains. 
The  other  is  one  of  the 
largest  brood  of  the 
southern,  or  13-year, 
race  and  covers  the 
lower  half  of  the  Mis- 
sissippi Valley.  Both 
of  these  broods  have 
been  very  well  studied 
in  past  years,  and  their 
distribution  has  been 
satisfactorily  and  in  the 
main  probably  accu- 
rately determined. 
The  approaching  reap- 
pearance, however,  of  these  broods  of  the  cicada  is  already  leading  to 
inquiries,  and  this  circular  is  issued  to  meet  such  inquiries,  and  also 
for  the  purpose  of  securing  reports  of  occurrence  to  add  to  the  present 
knowledge  of  the  distribution  of  these  broods. 

17-YEAR    BROOD   II. 

This  brood,  in  the  main,  occupies  territory  immediately  east  of 
Brood  I — a  scattering  brood  appearing  in  1910.  Its  exact  range  is 
shown  on  the  accompanying  map  (fig.  2),  the  black  dots  indicating 
records  by  counties  only  of  the  appearance  of  the  insect  in  former 
years  at  the  regular  17-year  intervals.     In  many  cases  we  have  numer- 


Fio.  1.— The  periodical  dcada  (T(Mctn  aeplendtcim):  a.  Adult;  h, 
same,  side  view;  c,  shed  pupal  skin.   (Author's  Illustration.) 
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OU8  records  for  individual  counties,  but  these  are  represented  on  the 
map  by  a  single  dot.  This  is  one  of  the  best  recorded  broods,  since  its 
almost  exclusively  eastern  range  brings  it  into  the  immediate  vicinity  of 
the  larger  towns  and  more  populated  districts  of  the  Atlantic  seaboard. 
It  has  been  reported  in  Connecticut  regularly  every  17  years  since 
1724  and  in  New  Jersey  since  1775,  and  almost  equally  long  records  of 
it  in  other  States  have  been  made.  At  its  last  appearance  in  1894  it 
was  carefully  studied,  to  determine  distribution,  for  New  Jersey  by 


Fio.  2.— Map  showing  distribution  of  17-year  Brood  n,  1911. 

Dr.  John  B.  Smith,  for  New  York  by  Dr.  J.  A.  lintner,  and  for  the 
other  States  covered  by  its  range  by  this  bureau,  with  the  aid  of 
State  entomologists  and  local  observers.  Some  of  the  southern 
records  obtained  in  1894  are  doubtful,  and  this  applies  especially  to 
localities  in  North  Carolina,  because  of  the  appearance  the  same  year 
of  Brood  XIX  of  the  13-year  race,  which,  in  North  Carolina,  may 
touch  or  overlap  this  17-year  brood.  It  is  therefore  very  desirable 
that  all  observers  in  South  Carolina  report  occurrences  this  year  of 
the  periodical  cicada  to  clear  up  these  doubtful  records. 

The  distribution,  as  listed  below,  is  based  upon  all  of  the  available 
records: 

Connecticut — Fairfield,  Hartford,  Litchfield,  Middlesex,  New  Haven. 

District  of  Columbia, — ^Throughout. 

Indiana. — Dearborn,  Posey  (?). 

Maryland. — Anne  Arundel,  Calvert,  Charles,  Prince  Georges,  St.  MarysQl^ 
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Michigan. — Kalamazoo. 

New  Jersey. — Entire  State. 

New  York. — ^Albany,  Columbia,  Dutcheee,  Greene,  Orange,  Putnam,  Rensselaer, 
Rockland,  Saratoga,  Ulster,  Washington,  Weetcheeter,  and  on  Staten  Island  and  Long 
Island. 

North  Carolina.— Bertie  (?),  Davie  (?),  Forsyth  (?),  Guilford,  Orange,  Rockingham, 
Rowan,  Stokes,  Surry,  Wake  (?),  Warren  (?),  Yadkin  (?). 

Pennsylvania. — ^Berks,  Bucks,  Chester,  Dauphin,  Delaware,  Lancaster,  Lebanon, 
Lehigh,  Montgomery,  Northampton,  Philadelphia,  Pike,  Potter,  Schuylkill, 
Wyoming. 

Ftr^nta.— Albemarle,  Alexandria,  Amherst,  Appomattox,  Bedford,  Buckingham, 
Campbell,  Caroline,  Charlotte,  Culpeper,  Fair&x,  Fauquier,  Fluvanna,  Goochland, 
Hanover,  Henrico,  James  City,  Loudoun,  Louisa,  Lunenburg,  Madison,  Page,  Pittsyl- 
vania, Powhatan,  Prince  Edward,  Rappahannock,  Spottsylvania,  Stafford. 

West  Virginia.— Brooke  (?). 

13-TEAB   BROOD   XXIII. 

As  already  indicated,  this  is  one  of  the  largest  of  the  13-year  broods, 
dividing  this  honor  with  Brood  XIX.     Brood  XXIII,  appearing  this 


Fio.  3.— Map  showing  distribution  of  13-year  Brood  XXIII,  1911. 

year,  occupies  the  Mississippi  Valley  from  northern  Missouri  and 
southern  Illinois  to  Louisiana,  covering  particularly  the  States  bor- 
dering on  the  Mississippi  River.  Its  distribution  is  indicated  on  the 
accompanying  map  (fig.  3)  by  black  dots  representing  counties 
merely,  but  the  abundance  of  the  distribution  of  the  insect  is  indicated 
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somewhat  by  the  size  of  the  dots,  the  small  dots  indicatmg  scattering 
or  occasional  colonies  and  the  laj^e  dots  abundant  and  general 
occurrence  of  the  msect. 

This  brood  was  given  very  careful  study  by  the  writer  in  1898,  and 
several  thousand  replies  were  received  in  response  to  circulars  dis- 
tributed throughout  the  region  wh^e  this  brood  was  supposed  to 
occur,  and  also  covering  a  much  wider  surrounding  r^on.  Local 
investigations  were  imdertaken  at  this  time  by  the  oflBcial  entomolo- 
gists of  the  several  States,  notably  Forbes  (Blinois),  Garman  (Ken- 
tucky), and  Stedman  (Missouri).  These  State  reports  con&med 
and  supplemented  the  records  obtained  by  this  bureau,  and  are  the 
basis  of  the  records  given  below  and  of  the  map. 

Nearly  all  the  reports  for  1908  indicated  the  occurrence  of  the 
insect  in  enormous  numbers.  Unfortunately,  however,  there  was 
some  doubt  as  to  the  correct  reference  of  some  of  the  localities  in 
Illinois  and  Indiana,  and  perhaps  northern  Missouri,  where  there  was 
an  overlapping  of  this  brood  (XXIII  of  the  13-year  race)  with 
Brood  VI  of  the  17-year  race.  In  the  case  of  the  records,  how- 
ever, assigned  to  the  13-year  Brood  XXIII  in  the  States  men- 
tioned, wherever  there  was  a  question  as  to  the  accuracy  of  the 
reference  to  thd  proper  brood  a  query  follows  the  coimty  in  the  list 
of  States  and  counties  given  below.  It  is  very  desirable,  therefore, 
in  obtaining  records  of  this  year  to  note  particularly  the  occurrence 
of  the  insect  in  northern  Missouri,  southern  Illinois,  and  Indiana,  to 
clear  up  any  doubt  which  may  be  attached  to  the  records  from  these 
districts. 

In  the  list  of  counties  given  below. those  followed  by  a  star  (*) 
indicate  counties  in  which  the  cicada  occurred  in  one  or  more  dense 
swarms,  in  most  instances  many  reports  being  received  from  the  same 
coimty.  In  the  unstarred  counties  the  cicada  was  observed  in  few 
or  scattering  numbers,  or  at  least  was  not  abundant.  The  counties  in 
italics  duplicate  old  records.  The  counties  lacking  confirmation  by 
the  records  of  1898  are  inclosed  in  parentheses  and  included  with  the 
others. 

The  State  and  county  records  follow: 

^^ama.— Etowah. 

Arkansas. — ArhansaSy*  Aahley,  Calhoun,  Carroll,  Chicot*  Clark,*  Columbia,  Craig- 
head,* Crawford,  Crittenden,*  Cross*  Desha*  (Franklin),  Fulton,  Garland,  Hot 
Spring,  Howard,  (Izard),  (Jackson),  Jefferson*  Lafeyette,*  Lee,*  Lincoln,  Lojgan, 
Lonoke,*  Marion j  Mississippi* Monroe,* Newton,  Phillips^* Pike,  Poinsett,* Proirie,* 
Pu^H,  Randolph,  St.  Fiincie,*  Saline*  (Searcy),  Sebastian,  Sharp,  Union,  Van 
Buren,  Washington,  Woodruff  * 

Geor^.— (Cobb),  (Coweta),  (Dekalb},  (Gwmnett},  (Meriwether),  (Newton). » 

Illinois. — Alexander*  Crawford,*  Edgar,  Edwards,*  Gallatin,  Hardin,*  Jackson* 
Jasper,*  Jefferson,  Johnson,  Lawrence,*  Macoupin,  Madison*  Msaion* Perry  * PtkCy 
Fxiisiaki*  Randolph,  Richland,  St.  Clair,  ScoU,  C/nion,*  Wabash,*  ITaiAtnytcm, Wayne,* 
White,  Williamson.* 


I  None  of  these  localities,  all  of  wbloh  were  queried,  was  oonflrmed  in  1806,  and  tbe  reoord  of  this  brood 
In  Oeorgia  is  undoubtedly  erroneous. 
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Indiana. — Bartholomew,  Davieas,*  Fayette,  Flovd,  Gibson,*  JacksoD,  Jennings, 
Knox,*  Montgomery,  Owen,  Posey*  Putnam,  Ripley,  Spencer,  Sullivan,*  Vander- 
buiff,*  Vigo,*  Wamck  .♦ 

Aeneucib.— Ballard,*  (Barren?),  Butler,  Caldwell,  Galloway,  Carlisle,*  Christian, 
CliDtoo,  Crittenden,  Daviess,  Fulton,*  Grant  Oravea,*  Green,  Hancock,  Hardin, 
Hickman,*  Hopkins,  Livingston.  Lyon,  Mc- 
Cracken,  McLean,  Marshall,  M uhlenbeig,  Ohio,  * 
Todd,  Trigg*  Union,  Webster,  Wolfe  * 

Louisiana. — Bienville,*  (Bossier),  CaldweU* 
Claiborne,  Concordia,*  East  Carroll*  East  Felicia 
sii2Lf  Franklin  *  Madison*  Morehouse,  Ouachita,* 
Pointe Coupee,* (Red  River),  Richland* St.  Hele- 
na, Tangipahoa,  Tensas,*  (Washington),  West 
Carroll.* 

Mississippi. — Adams,  AUxmy* Amite*  Attala,* 
Benton,* Bolivar*  Calhoun*  Carroll*  Claibomet 
Coahoma*  Copiah*  De  Soto*  Franklin,  Gre- 
nada,* Binds*  Holmes,*  (Issaquena),  Itawamba, 
(Jasper),  Jefferson,  Lafayette*  Lawrence,  Leake, 
Lee,*  Leflore,*  Lincoln*  Lowndes,  Madison^* 
Marion,  Marshall*  Montgomery,*  Neshoba,  New- 
Urn,  Oktibbeha,*  Panola,*  rike,*  Pontotoc,* 
Prentiss,*  Quitman*  Rankin,*  (Scott).  Sirnpson, 
Smith,  Tallahatchie*  TaU,*  Tippah,  (Tisho- 
mingo), Tunica,*  Union,*  Warren,*  Wasnington,* 
Webster,*  Yalobusha,*  Yazoo.* 

Missouri. — Aiuirain,*  Barry,  Benton,  Boone, 
Callaway,  Camden,  Cape  Girardeau,*  CedsLr,  Chris- 
tian, Clark  (7),  Clinton,  Cole,  Cooper,  Dade,  Dal- 
las, Dent,  Douglas,  Gasconade,  Greene,  Hickory, 
Howell,  Iron,  Jefferson,  Johnson,  Knox,  (Law- 
rence), Linn,  Manes,*  Miller,  Moigan,  New  Mad- 
rid,* Osage,*  Ozark,  Pemiscot,*  Perry,*  Pettis, 
Phelps. Polk,  Pulaski,  Reynolds (?),  St.  Charles* 
St.  Clau',  St.  Francois,  St.  Louis,  Scott,*  Taney, 
Texas,  Warren,  Washington,*  Webster. 

Ohio. — Hamilton. 

Tennessee.— Benton,*  Carroll,*  Chester,*  Crock- 
ett, (Davidson),  Decatur,*  Dickson,*  Dyer,*  Fay- 
ette,* Gibson,*  Hardeman,*  Hardin,*  Haywood, 
Henderson,*  pLenrv  ,*  Humphreys*  Lake,*  ixiuder- 
dale,*  Lewis,  McNairy*  Madison,*  (Maury), 
Montgomery,  Obion,*  Perry,*  (Robertson),  Ruth- 
erford, Shelby,*  Stewart,  Tipton,*  Wayne,*  Weak- 
ley,* Williamson. 


GENERAL   CONSIDERATIONS. 


Fio.  4.— Egg  punctures  of  the  periodical 
dcada:  a.  Twig  showing  recent  punc- 
tures, from  front  and  side,  and  lllu»> 
trating  manner  of  breaking;  b,  twig 
showing  older  punctures,  with  retrac- 
tion of  bark,  and  more  fully  displaying 
the  arrangement  of  fibers.  Natural 
sise.    (After  Riley.) 


The  periodical  cicada  is  so  well  known 
that  a  general  account  of  it  in  this  place 
is  unnecessary.  When  it  appears  in 
great  numbers  it  naturally  causes  con- 
siderable alarm  and  arouses  fears  for  the  safety  of  shade  trees  and 
orchards.  The  actual  damage,  however,  is  usually  slight,  except  in 
the  case  of  newly  planted  orchards,  and  even  here,  by  vigorous  prun- 
ing back  after  the  cicada  has  disappeared,  much  of  the  injury 
caused  by  the  egg  punctures  (fig.  4)  can  be  obviated. 

Ordinary  repellent  substances,  such  as  kerosene  emxilsion  or 
carbolic-acid  solutions,  seem  to  have  very  little  effect  in  preventing 
the  oviposition  of  these  insects.     Some  more  recent  experience,  how- 


Digitized  by 


Google 


6  THE  PERIODICAL  CICADA  IN  1911. 

ever,  indicates  that  trees  thoroughly  sprayed  with  Bordeaux  mixture 
or  lime  wash  are  apt  to  be  avoided  by  the  cicada,  especially  if  there  are 
other  trees  or  woods  in  the  neighborhood  on  which  they  can  oviposit. 
The  most  reliable  means  of  protecting  niu^series  and  yoimg  orchards 
is  by  collecting  the  insects  in  bags  or  umbrellas  from  the  trees  in  early 
morning  or  late  evening,  when  they  are  somewhat  torpid.  Such 
collections  should  be  undertaken  at  the  first  appearance  of  the  cicada 
and  repeated  each  day. 

Approved. 

James  Wilson, 

Secretary  of  Agriculture, 

Washington,  D.  C,  January  3,  1911. 
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BUREAU  OF  ENT0M0L06T— CIRCULAR  No.  184 

L.  O.  HOWARD.  EoWDolociiiuidCiiieiciBarau. 


DAMAGE  TO    TELEPHONE    AND  TELEGRAPH 
POLES  BY  WOOD-BORING  INSECTS. 


BY 


T.  E.  SNYDER, 

Agent  and  Expert. 
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United  States  Department  of  Agriculture, 

BUREAU  OP  ENTOMOLOGY. 
L.  O.  HOWARD,  Bntomoloffist  and  Chief  of  Bureau. 


DAMAGE  TO  TELEPHONE  AND   TELEGRAPH   POLES  BY 
WOOD-BORING  INSECTS.* 

By  T.  E.  Snyder, 
Agent  and  Expert. 

It  has  recently  been  determined  through  special  investigations  con- 
ducted by  the  Bureau  of  Entomology,  in  cooperation  with  telephone 
and  telegraph  companies,  that  serious  and  extensive  damage  is  being 
done  in  certain  localities  to  standing  poles  by  wood-boring  insects. 
The  object  of  this  circular  is  to  give  information  on  the  principal  as 
well  as  other  types  of  insect  injury  to  poles,  so  that  line  inspectors 
may  distinguish  the  various  types  and  determine  and  report  on  the 
character  and  extent  of  the  damage. 

CHARACTER   OF   THE   INJURY. 

The  principal  injury  to  the  poles  consists  in  large  mines  in  the  wood 
near  the  Une.of  contact  with  the  ground,  necessitating  the  frequent 
resetting  or  even  the  replacement  of  the  damaged  poles.  These 
irregular  mines  (fig.  1)  run  both  transversely  and  longitudinally 
throughout  the  heartwood,  and  are  sometimes  7  inches  l<^ng,  but 
vary  in  length.  This  injury  is  usually  in  the  outer  layers  of  the 
wood  for  a  distance  of  from  2  to  3  feet  below  and  sometimes  from  1 
to  2  feet  above  the  line  of  contact  of  the  pole  with  the  surface  of  the 
ground.  The  greatest  damage  is  to  that  area  just  below  and  just 
above  the  surface  of  the  ground;  here  the  conditions  of  air  and 
moisture  are  most  favorable.  The  mines,  often  very  close  together, 
completely  honeycomb  the  wood  in  a  zone  from  3  to  4  inches  in  from 
the  exterior  of  the  poles  (fig.  3);  this  so  weakens  the  poles  that  they 
break  off  close  to  the  surface  of  the  ground.     The  basal  2  feet  is 

'  Revised  extracts  from  Bulletin  W,  Part  I,  Bureau  of  Entomology,  U.  S.  Department  of  Apriculture, 
1910. 
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Fig.  1.— Work  of  the  pole  borer  {Parandra  brunma  Fab.)  in  an  untreated  chestnut  pole:  a,  Gallery  of  the 
pole  borer,  showing  pupal  chamber  with  the  entrance  plugged  with  excelsior-like  wood  fibers;  work  near 
base  of  pole,  below  ground,  b,  Mines  of  the  pole  borer  near  surface  of  ground.  Natural  size.  (Author's 
illustration.) 
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usually  sound.  Even  if  the  damage  is  not  serious  enough  to  cause 
the  poles  to  break  off  under  strain,  they  are  likely  to  go  down  during 
any  storm,  and  thus  put  the  wire  service  out  of  commission;  such 
damaged  poles  are  a  serious  menace  along  the  right  of  way  of  rail- 
roads. Poles  that  appear  sound  on  the  exterior  may  have  the 
entire  basal  interior  riddled,  and  the  damage  is  not  noticed  until  the 
poles  break  off.  If  merely  isolated  poles  are  injured  so  as  to  cause 
them  to  break  off,  they  simply  lean  over,  but  if  several  adjacent  poles 
are  affected,  especially  where  there  is  any  imusual  strain,  that  por- 
tion of  the  line  is  very  likely  to  go  down. 

THE   PRINCIPAL   INJURIOUS    SPECIES. 

The   principal   injurious   species   is   the   chestnut   telephone-pole 
borer,  or  pole  borer,^  which  is  an  elongate,  creamy-white,  wrinlded, 


Fig.  2.—/,  The  pole  borer:  Male  and  female  beetles,    i,  The  pole  borer:  Young 
larvae.    /,  Slightly  enlarged;  f,  twice  natural  size.   (Author's  illustration.) 

round-headed  grub  or  larva  (fig.  2^2).  It  hatches  from  an  egg  depos- 
ited by  an  elongate,  mahogany  -  browoi,  shiny,  flattened,  winged 
beetle,  from  two-fiftlis  to  four-fifths  of  an  inch  in  length  (fig.  2,  /). 
It  appears  tliat  the  eggs  are  deposited  from  August  to  October  in 
the  outer  layers  of  the  wood  of  the  pole  near  the  surface  of  the 
ground.  The  young  borers,  upon  hatcl\ing,  excavate  shallow  gal- 
leries in  the  sapwood,  then  enter  the  heartwood,  the  mines  being 
gradually  enlarged  as  they  develop.  As  they  proceed  they  closely 
pack  the  fine  boring  dust  behind  them.  This  peculiar  semidigested 
boring  dust,  which  is  characteristic  of  tlieir  work,  is  reddish  to  dun- 


»  Parandra  brunnea  Fab.  Since  the  publication  of  Bulletin  94,  Part  I,  of  this  Bureau,  this  borer,  first 
found  to  be  injurious  to  chestnut  telephone  poles,  has  been  found  injurious  to  arborvit^p  poles,  and  as  it 
also  injures  telegraph  poles,  the  name  "  pole  borer"  Is  more  appropriate  and  comprehensive 
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nish  yellow  in  color  and  has  a  claylike  consistency.  The  burrows 
eventually  end  in  a  broad  chamber,  the  entrance  to  which  is  plugged 
with  excelsiorUke  fibers  of  wood.  Here  is  formed  the  resting  stage, 
or  pupa,  which  transforms  to  the  adult  beetle.  Often  all  stages,  from 
very  young  grubs  only  about  one-fourth  inch  long  to  full-grown 
grubs  over  1  inch  long,  pupse,  and  adults  in  all  stages  to  maturity 
are  present  in  the  same  pole.  Adults  have  been  found  flying  from 
July  to  September. 

The  insect  attacks  poles  that  are  perfectly  sound,  but  will  work 
where  the  wood  is  decayed;  it  will  not,  however,  work  in  wood  that 
is  **sobby''  (wet  rot),  or  in  very  **doty''  (punky)  wood.  It  has  not 
yet  been  determined  just  how  soon  the  borers  enter  the  poles  after 
they  have  been  set  in  the  ground.     However,  poles  that  had  been 


Fig.  3.— Damage  to  an  untreated  chestnut  telef^raph  pole  near  surface  of  ground 
by  the  pole  borer.    (Author's  illustration.) 

standing  only  four  or  five  years  contained  larvae  and  adults  of  this 
borer  in  the  heartwood,  and  poles  that  had  been  set  in  the  ground 
for  only  two  years  contained  young  larvee  in  the  outer  layers  of  the 
wood. 

The  presence  of  the  borers  in  injurious  numbers  can  be  deter- 
mined only  by  removing  the  earth  from  about  the  base  of  the  pole; 
tlie  large  holes  made  when  the  adults  come  out  are  found  near  the 
line  of  contact  with  the  soil.  Often  large,  coarse  borings  of  wood 
fiber  project  from  these  exit  holes.  Sometimes  the  old  dead  parent 
adults  are  found  on  the  exterior  of  the  poles  underground.  During 
August  the  young  adults  may  be  found  in  shallow  depressions  on  the 
exterior  of  poles  below  the  groimd  surface. 

Digitized  by  VjOOQ IC 


INSECT  DAMAGE   TO   TELEPHONE   AND   TELEGRAPH   POLES.  5 

INJURY    BY   OTHER   INSECTS. 

It  is  not  to  be  concluded  that  injury  by  the  pole  borer  is  the  only 
type  of  insect  damage  to  poles.  Indeed,  a  very  common  injury  is  by 
white  ants,  or  termites.  In  lines  from  10  to  12  years  old  serious 
damage  by  these  insects  occurred  in  as  high  as  15  per  cent  of  the 
poles,  and  their  work  is  often  present,  at  least  superficially,  in  as 
high  as  75  per  cent  of  the  poles  under  all  conditions  of  site.  The 
damage,  however,  is  usually  to  the  outer  layers  of  the  wood,  where  it 
is  moist  or  there  is  incipient  decay,  and  is  more  superficial  and  local- 
ized than  that  of  the  pole  borer.  Nevertheless,  the  sound  heartwood 
of  poles  is  often  completely  honeycombed,  especially  at  the  base.  The 
work  of  white  ants  is  found  both  in  sound  wood,  *'doty''  wood,  and 
**sobby  ■'  wood.  Sometimes  a  lai^e  channel  runs  up  through  the  core 
of  the  heart  and  the  sides  are  plastered  with  clay,  forming  a  hollow 
tube  with  several  longitudinal  interior  galleries.  Their  work  often 
extends  from  2  to  4  feet  above  the  surface  of  the  ground.  They 
leave  the  outer  shell  of  the  wood  intact  and  work  up  through  the 
longitudinal  weathering  checks,  covering  the  exterior  of  the  pole  with 
earth  to  exclude  the  light.  White  ants  will  damage  poles  that  have 
been  set  in  the  ground  only  two  years.  Evidently  they  enter  the 
pole  from  below  the  surface  of  the  ground. 

Injury  by  a  giant  round-headed  borer  is  sometimes  found  in  chest- 
nut poles.  The  large  mines  of  this  borer  are  found  in  the  sound 
and  decayed  wood  of  poles.  Often  where  there  is  rot  present  the 
heartwood  near  the  surface  of  the  ground  is  completely  honey- 
combed by  this  borer. 

Longitudinal  weathering  checks  in  chestnut  poles  are  often  widened, 
and  other  defects  enlarged  by  lai^e,  black  carpenter  ants  and  other 
smaller  black  ants,  which  thus  hasten  decay. 

KNOWN    EXTENT   OF   THE   DAMAGE. 

The  pole  borer  has  seriously  damaged  as  high  as  10  to  15  per  cent 
of  the  chestnut  poles  which  have  been  set  in  the  ground  for  from  10 
to  12  years  in  lines  in  North  Carolina,  Virginia,  West  Virginia,  Mary- 
landy  and  the  District  of  Columbia.  It  has  only  recently  been  deter- 
mined that  it  has  also  seriously  damaged  a  considerable  proportion 
of  the  arborvitae*  telephone  poles  in  part  of  a  line  in  Illinois.  It  is 
evident,  then,  that  this  insect  is  an  important  factor  in  decreasing  the 
normal  length  of  service  of  chestnut  and  arborvitee  poles. 

POSSIBILITIES   OF   PREVENTING    DAMAGE   TO   POLES. 

Methods  of  treating  poles  superficially  by  brushing  with  various 
preservatives  have  proved  to  be  temporarily  efficient  in  keeping 
out  wood-boring  insects,  if  the  work  is  thoroughly  done  and  not 


>  Thuja  occidentalis. 
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only  the  butt,  but  also  the  basal  area,  is  treated.  If  the  pole  is  not 
thoroughly  brushed,  the  pole  borer  and  other  insects  enter  through  the 
untreated  or  imperfectly  treated  portions,  especially  through  weath- 
ering checks  and  knots.  Where  the  base  is  left  untreated,  insects, 
especially  white  ants  or  termites,  enter  the  pole  from  below  ground 
and,  avoiding  the  treated  portions,  come  right  up  through  the  pole. 

Impregnating  the  poles  with  creosote  by  some  standard  process 
(either  by  the  open-tank  or  by  a  cylinder-pressure  process)  will  keep 
out  wood-boring  msects.  In  the  open-tank  method  only  the  area  most 
subject  to  the  attacks  of  wood-boring  insects  (i.  e.,  the  basal  8  feet) 
is  treated,  while  by  the  cylinder-pressure  processes  the  entire  pole  is 
impregnated. 

Therefore,  to  effectually  protect  poles  from  the  depredations  of 
wood-boring  insects  it  is  recommended  that  they  be  impregnated  with 
creosote  by  either  the  *' open-tank'^  process  or  by  a  cylinder-pressure 
process. 

Approved : 

James  Wilson, 

Secretary  of  Agriculture. 

Washington,  D.  C,  January  24,  1911. 
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THE  ALFALFA  CATERPILLAR. 

(BurymHs  eurythetne  Boisd.) 

By  V.  L.  WiLDEBHUTH,  Agent  and  Expert, 

INTRODUCTION. 

The  insect  under  consideration  in  this  circular  is  the  caterpillar 
(fig.  1)  of  one  of  our  most  beautiful  and  common  butterflies  (figs.  2, 
3)  belonging  to  the  group  known  as  "  the  yellows/'  and  is  closely  re- 
lated to  the  well-known  cabbage  butterfly.  The  name  "  yellows  "  at 
once  gives  one  an  idea  of  the 
appearance  of  the  adult,  but 
this  may  be  misleading,  as  the 
species   is  polymorphic,  the 

coloration     varying     from     a       no.  1.— The  alfalfa  caterpUlar  {EurymuM  eury- 
bright      yellow       (very      fre-  '*«^*^>  *  ^""^  ^^  caterpillar  stage.     About 

^  ,.       ^   ,.      ,x      .,      ^     ^  twice  natural  site.     (OriglnaL) 

quenuy  noticed),  through  an 

orange-sulphur  (the  most  commonly  noticed),  to  a  pale  white  (the 

least  often  noticed). 

For  some  years  past  the  green  caterpillars  of  this  butterfly  have 
been  reported  from  various  localities  in  the  southwestern  United 
States  as  feeding  on,  and  in  some  cases  doing  a  large  amount  of 
damage  to  growing  alfalfa  {Medicago  saliva).  It  should  be  men- 
tioned here  that  it  is  the  caterpillar  or  worm  stage  of  this  species  that 
does  the  damage,  and  not  the  adult  butterfly.  The  latter  feeds  on 
the  nectar  of  the  bloom  and  in  no  way  injures  the  plant.  In  fact,  the 
writer  has  noticed  these  butterflies  to  all  appearances  springing  the 
pollen  triggers  on  the  alfalfa  blossoms  while  feeding,  thus,  should 
his  observations  prove  correct,  benefiting  the  plant  for  seed  produc- 
tion.*   In  the  year  1906  a  correspondent  of  the  Department  of  Agri- 

•  Tbongh  the  author  is  quite  confident  of  the  accuracy  of  his  observations,  it 
is  a  case  where  misconception  Is  exceedingly  liable  to  occar ;  if  correct,  however, 
the  fact  is  entirely  new.  See  Dr.  I.  Urban,  Verhandlung  des  Botanlschen 
Tereins  der  Provinz  Brandenberg,  1872,  p.  13;  Herman  Muller,  The  Fertilisa- 
tion of  Flowers,  par.  93  and  94, 1873 :  C,  V.  Piper,  Report  of  American  Breeders* 
Association,  1909,  Report  of  Committee  on  Breeding  Forage  Crops— -F-M. 
Webster.  jOOgiC 
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FiQ.  2. — The  alfalfa  caterpillar  (Eurymus  euryihem€)  : 
Female  in  tbe  adult  or  butterfly  stage.  One-ball  eo- 
larfed.     (OrlgiAaL) 


culture  reported  the  caterpillar  infesting  the  lucern  fields  in  Big- 
horn County,  Wyo.,  and  in  the  year  1907  another  correspondent  re- 
ported it  as  a  "cutworm,"  damaging  the  alfalfa  at  Hanford,  CaL 
This  caterpillar  is  also  known  to  have  injured  alfalfa  in  Utah.  In 
1909  Mr.  C.  N.  Ainslie,  of  the  Bureau  of  Entomology,  found  the  eggs 

and  larvae  of  this 
species  on  alfalfa  at 
Springer,  N.  Mex., 
but  doing  no  appar- 
ent damage.  In  the 
same  year  Mr.  E.  O. 
G.  Kelly,  also  of  the 
Bureau  of  Entomol- 
ogy, found  the  larvae 
feeding  on  alfalfa  at 
Wellington,  Kans. 
In  Arizona,  in  the 
Salt  River  Valley 
and  in  the  Yuma 
Valley,  farmers  say 
that  on  an  average 
about  one  year  in  every  three  or  four  the  "  worms  "  become  suflBciently 
numerous  to  cause  considerable  damage.  In  the  Sacramento  Valley, 
and  in  the  irrigated  alfalfa  regions  of  south-central  California, 
according  to  Mr.  W.  E.  Packard,  of  the  California  Agricultural 
Experiment  Station,  the  butterflies  are  quite  numerous  during  certain 
years  and  cause  more  or  less 
damage. 

However,  not  until  alfalfa 
began  to  be  widely  grown  in 
the  newly  irrigated  region 
in  the  Imperial  •  Valley  of 
southern  California  did  the 
butterfly  assume  such  pro- 
portions, and  appear  with 
such  regularity  each  season, 
as  to  become  a  dread  to 
the  farmers,  particularly  to 
those  confining  their  efforts 
wholly  to  alfalfa  growing. 
It  was  in  1909,  after  a  season  when  the  larv»  had  taken  all  of  one 
crop  of  hay,  causing  a  loss  of  hundreds  of  dollar  on  his  820-acre 
ranch,  as  well  as  a  similar  loss  to  dozens  of  other  ranchers  in  the 
valley,  that  Mr.  J.  A.  Walton,  of  the  Imperial  Valley,  wrote  the 
United  States  Department  of  Agriculture  asking  for  a  remedy  or  a 
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Fig.  3.— The  alfaUa  c^terpUUr  {Eunfmm$ 
eury theme)  :  Male  In  the  adult  or  butterfly 
stage.     One-half  enlarged.     (Original.) 
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method  of  dealing  with  the  pest.  As  no  remedy  was  known,  plans 
were  at  once  begun  for  investigating  the  outbreak  and  if  possible 
working  out  some  plans  of  controlling  the  same. 

This  circular  is  a  partial  report  of  the  work  done  by  the  writer  in 
the  Imperial  Valley  the  past  season  (1910),  and  while  the  investi- 
gation is  still  under  way,  another  year  being  necessary  to  complete  the 
same,  it  is  thought  desirable  to  give  to  the  farmers  in  the  alfalfa- 
growing  section  of  the  country  the  information  secured,  it  being  of 
such  a  nature  as  to  be  of  great  immediate  benefit,  if' put  ta  practical 
use,  in  controlling  the  pest. 

DISTRIBUTION. 

According  to  Scudder,  this  species  is  more  especially  a  western 
insect,  being,  as  a  rule,  much  more  abundant  west  of  the  Mississippi 
River  than  east  of  it,  and  although  its  range  extends  eastward  it  is 
rather  rarely  found  east  of  the  Allegheny  Mountains.  In  the  West  it 
occurs  from  Mexico  northward  into  the  Dominion  of  Canada,  thus 
covering  the  chief  alfalfa-growing  section  of  the  United  States.  It  is 
especially  abundant  throughout  the  regions  where  irrigation  is  most 
extensively  followed. 

DESCRIPTION  OF  THE  SPECIES. 

A  meager  description  is  given  here  of  the  various  stages  of  develop- 
ment, in  order  to  enable  the  casual  observer  to  recognize  the  different 
forms : 

The  adult  (figs.  2,  3). — The  wings  of  the  adults  vary  in  color  from 
yellow  to  white,  being  usually  a  sulphur-yellow  above,  with  black 
outer  margins,  a  conspicuous  black  spot  in  the  center  of  each  fore 
wing,  and  a  faint  yellowish  spot  in  the  center  of  each 
hind  wing.  The  underside  of  the  wings  is  of  a  lighter 
shade  than  the  upper  surface  and  is  the  side  noticed 
when  the  butterfly  is  at  rest  with  its  wings  folded 
above  its  back.  The  wing  expanse  is  nearly  2  inches ; 
In  some  it  is  a  little  less  than  this  and  in  a  few  a 
little  more. 

The  egg.— The  eggs  (fig.  4)  are  small,  only  0.06    Fia.4.— Theaifaifa 

.      ,    ,    ^^     .^,     -  Ho\     r./x    !•    1  XI  .      1  1         .^  caterpillar:  Egg. 

men  long,  with  from  18  to  20  slightly  raised  longitu-  oreatiy  enlarged. 
dinal  ridges  or  ribs,  broken  by  cross  lines.  They  are  (Redrawn  from 
elongated,  white  when  laid,  but  turning  reddish 
brown  after  the  second  day,  and  are  deposited  upright,  with  the 
basal  end  attached  usually  to  the  upper  surface  of  the  leaf.  They 
are  always  deposited  on  fresh,  green  alfalfa,  and  never  on  dry  or 
partially  matured  alfalfa. 

The  larva. — ^The  full-grown  larva  (fig.  1)  is  usually  1  inch  long, 
sometimes  a  little  over,  dark  green  in  color,  with  a  white^rine  on 
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each  side,  partially  broken  by  black  and  red  dots  at  each  spiracle. 
There  is  often,  an  intermediate,  narrower,  and  less  distinct  white  line 
just  above  each  of  the  lateral  lines.  In  s(Hne  specimens  a  black  or 
dark-green  median  dorsal  line  is  also  present. 

The  pupa. — The  pupa  (fig.  5)  is  yellowish  green,  has  no  cocoon, 
and  is  found  head  end  up,  attached  by  two  threads,  one  of  them  form- 
ing a  swing,  to  an  alfalfa  stalk. 

INVESTIGATIONS  IN  THE  IMPERIAL  VALLEY  OF  SOUTHERN  CALIFORNIA. 

The  investigations  were  begun  by  the  author  about  the  middle  of 
March,  1910,  and  carried  on  through  the  summer  until  late  in  the  fall 
of  the  same  year.  The  writer  was  at  first  located  on  the  J.  A.  Walton 
ranch,  in  the  extreme  southeastern  part  of  the  valley,  and  later  at 
El  Centro,  where  the  work  was  carried  on  in  cooperation  with  Mr. 
Walter  E.  Packard,  an  agent  of  the  California 
Agricultural  Experiment  Station,  to  whom  a  great 
amount  of  credit  is  due  for  the  assistance  and  timely 
suggestions  offered. 

The  Imperial  Valley  is  a  place  unique  m  location 
and  altitude.  It  is  an  irrigated  region  entirely  sur- 
rounded by  mountains  and  desert.  The  major  part 
of  the  valley  lies  below  sea  level — some  of  it,  in  fact, 
as  much  as  250  feet  below.  The  weather  is  warm 
most  of  the  year  and  hot  the  rest  of  the  year.  It 
hardly  ever  rains,  and  the  humidity  is  usually  very 
low.  The  growing  season  extends  over  practically 
the  entire  year,  there  being  an  entire  lack  of  freez- 
ing weather  during  some  winters.  On  the  average 
there  is  not  during  the  year  more  than  one  month 
of  weather  that  could  be  called  winter  weather. 

The  conditions  just  referred  to  serve  to  explain 
the  immense  numbers  of  these  butterflies  in  the  val- 
ley. The  period  over  which  the  butterflies  are  able  to  continue 
breeding  without  being  molested  is  very  long,  being  from  March  to 
December.  Then,  too,  owing  to  the  very  low  humidity  there  is  usu- 
ally insufficient  moisture  to  permit  the  development  of  what  appeared 
to  be  a  contagious  disease,  resembling  in  effect  fxicherie  of  the  silk- 
worm. This  disease  was  found  to  be  largely  responsible  for  keeping 
this  butterfly  in  check  in  other  parts  of  the  State  of  California  and 
in  southern  Arizona. 


Fio.  ^, — The  alfalfa 
caterpillar  (Eury- 
mvL%  eurptheme)  : 
Pupa  or  chrysalis 
stage.  Twice  nat 
ural  size.  (Origi- 
nal.) 


SEASONAL   HISTORY   IN   THE  IMPERIAL  VALLEY. 

On  the  15th  of  March,  1910,  several  adult  individuals,  possibly 
adults  that  had  issued  from  hibernating  pupse,  were  caught  in  the 
act  of  flying  over  alfalfa  fields  and  placed  in  a  large  mosquito-bar 
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cage  which  covered  an  alfalfa  plant.  These  immediately  deposited 
eggs.  It  can  be  said,  therefore,  that  the  hibernating  forms  issue 
between  March  1  and  March  20.  The  season  of  1909-10  was  ex- 
ceedingly cold  in  the  valley,  while  that  of  1910-11  was,  up  to  the 
middle  of  February,  precisely  the  reverse,  and  up  to  the  8th  of  this 
month  larvae  had  been  found  present  in  limited  nimibers  in  the 
fields.  It  seems,  therefore,  probable  that  during  some  winters  the 
species  may  breed  throughout  the  entire  season,  as  sometimes  there 
is  hardly  a  frost.  Either  the  larval  or  pupal  stage,  or  both  stages, 
would  during  such  winters  be  merely  lengthened,  for  that  is  really 
what  happens  in  the  spring  or  fall  of  the  year,  and  thus  the  insect 
could  hardly  be  said  to  hibernate.  However,  eggs  were  being  laid 
on  March  15,  and  possibly  a  few  days  earlier,  and  these  gave  rise 
to  the  first  or  spring  generation.  This  generation  was  very  slow  in 
developing,  requiring  about  44  days,  the  egg  stage  being  6  days,  the 
larval  stage  30  days,  and  the  pupal  stage  8  days.  As  the  weather 
became  warmer  each  of  these  periods'  gradually  lessened  until  in  the 
third  generation  only  22  days  were  required  for  complete  develop- 
ment, the  egg  stage  in  this  case  being  4  days,  the  larval  stage  12  days, 
and  the  pupal  stage  5  days.  These  were  the  periods  of  development 
for  individuals  confined  in  cages;  in  the  field  a  few  days  longer, 
often  as  many  as  four  or  five,  seemed  to  be  required  for  development 
from  egg  to  adult. 

The  first  generation  covered  the  period  from  March  15  to  April 
80 ;  the  second  generation  from  May  1  to  May  28 ;  the  third  genera- 
tion from  May  28  to  June  20;  and  the  fourth  generation  from  June 
20  to  July  15.  There  were  thus  four  distinct  generations,  the  last 
being  less  distinct  than  the  others.  Later  in  the  year  the  generations 
became  so  largely  confused  that  it  was  impossible  to  separate  them. 
Just  as  the  fourth  generation  was  beginning  to  pupate,  the  supposedly 
contagious' disease  before  mentioned  killed  a  large  majority  of  the 
larvae  present  at  the  time,  and  thus  observations  along  life-history 
lines  were  checked.  From  this  time  on,  scattering  individuals  pro- 
duced eggs  and  gradually  increased  in  numbers  up  to  October,  after 
which  time  quite  a  few  worms  were  present  in  some  fields,  and  often 
considerable  damage  was  noted.  In  fields  that  had  been  green  dur- 
ing August,  when  the  water  supply  was  short  in  the  valley,  there 
were  always  more  of  these  caterpillars  noticed  than  there  were  in 
fields  that  had  not  been  green  during  the  month  stated.  This  was 
due  to  the  fact  fliat  the  worms  were  able  to  feed  in  these  green  fields, 
and  therefore  in  the  fall  there  remained  quite  a  number  of  adults. 
By  the  middle  of  October,  as  the  nights  became  cool,  the  larvae  and 
pupae  did  not  develop  as  rapidly  as  during  the  summer  months,  and 
the  species  just  held  its  own  in  numbers  up  to  December  28,  1910, 
when  all  were  in  the  hibernating  stage. 
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TWO  0LASSE8  OF  RANCHES — PASTURE  RANCHES  AND  HAT  RANCHES. 

The  alfalfa  ranches  in  the  Imperial  Valley,  Cal.,  can  all  be  divided 
into  two  classes:  (1)  Pasture  ranches,  or  those  devoted  entirely  to 
the  fattening  or  pasturing  of  cattle  and  hogs,  and  (2)  hay  ranches, 
or  those  on  which  the  crop  is  utilized  for  hay.  For  convenience  we 
can  look  at  these  separately. 

Pasture  ranches. — ^It  was  noticed  early  in  the  summer,  and  the 
writer's  attention  was  called  to  the  fact  by  a  nimiber  of.  farmers, 
that  ranches  devoted  to  the  raising  of  stock,  either  cattle  or  hogs, 
were  rarely,  if  ever,  seriously  affected  by  the  pest.  On  some  dozen 
such  ranches  visited  and  inspected  very  few  worms  could  be  found, 
and  the  butterflies  flying  over  the  fields  were  never  numerous.  At  first 
this  was  considered  entirely  due  to  the  fact  that  there  was  hardly  ever 
any  bloom  present  for  the  adults  to  feed  upon  and  that  the  greater 
part  of  the  fields  was  kept  grazed  quite  closely,  making  the  condi- 
tion in  pastured  fields  less  favorable  for  the  laying  and  development 
of  the  eggs.  Under  such  conditions  the  number  of  eggs  deposited 
is  greatly  reduced.  Many  of  the  eggs  laid  on  the  young  growth 
under  such  conditions  are  destroyed  by  the  grazing  of  the  stock,  and 
the  percentage  that  develops  is  kept  to  a  minimum.  Later  in  the 
season  it  was  noted  that  on  the  stock  ranches  visited  the  disease 
previously  mentioned,  which  is  common  to  lepidopterous  larvae,  was 
more  prevalent  than  on  hay  ranches.  All  the  factors  determining 
this  difference  have  not  been  ascertained,  but  the  fact  itself  is  quite 
significant. 

On  some  of  the  ranches  coming  under  the  writer's  observation  the 
alfalfa  was  allowed  to  grow  for  some  four  weeks,  or  until  it  reached 
the  height  of  about  20  to  24  inches.  Cattle  were  then  turned  into  tiie 
field,  and  within  a  few  days  the  alfalfa  became  trampled.  The 
ground  and  the  alfalfa  were  very  moist,  there  being  more  or  less 
dew  present  every  morning,  and  droppings  from  the  cattle  and  hogs 
naturally  brought  about  a  foul  condition  in  the  field,  assisting  in  the 
retention  of  moisture.  Whether  as  a  result  of  these  conditions  or  as 
a  coincidence,  the  Contagious  disease  appeared  to  the  writer  to  be 
much  more  prevalent  in  these  fields  than  elsewhere. 

Hay  ranches. — It  is  on  ranches  and  fields  from  which  successive 
crops  of  hay  are  taken  that  the  height  of  the  damage  is  reached.  In 
such  fields  the  conditions  for  the  development  of  the  species  are  as 
nearly  ideal  as  possible,  and  here  the  worms  are  ordinarily  unmo- 
lested in  their  feeding  and  growth.  The  period  elapsing  froiti  the 
time  that  one  crop  is  cut  until  another  is  ready  to  harvest  so  nearly 
coincides  with  the  length  of  the  period  necessary  for  the  develop- 
ment of  any  one  generation  of  the  butterfly  that  the  cutting  of  the 
hay,  as  ordinarily  carried  on,  does  not  reduce  their  numbers  or  dis- 
turb their  work,  since  the  worm  will  likely  be  in  the  advanced  stage 
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or,  perhaps,  have  passed  into  the  pupal  stage  before  the  crop  is 
cut  off. 

Many  fields  observed  by  the  writer  were  attacked  in  strips  or 
patches.  Sometimes  one  border  would  be  almost  totally  devoured, 
while  an  adjoining  plot  would  not  be  molested.  Again,  in  other 
fields  irregular  patches  would  be  attacked  and  the  rest  of  the  field 
not  materially  injured.  In  cases  where  whole  borders  of  alfalfa 
were  injured,  the  time  and  amount  of  water  applied  in  irrigating 
produced  an  uneven  growth,  and  as  the  generation  of  butterflies,  on 
issuing,  chose  for  egg-laying  the  strip  that  was  the  greenest  and 
freshest,  this  strip  would  be  the  one  damaged.  It  seems  possible  to 
account  for  the  irregular  patches  in  the  same  way — that  is,  consider- 
ing that  these  patches  were  ones  that  were  held  back  because  of  the 
condition  of  the  soiL  The  soil  conditions  in  one  part  of  the  field 
may  be  quite  different  from  those  in  another  part  of  the  same  field, 
and  thus  a  varying  growth  of  the  crop  results,  which  would  be  at- 
tacked in  patches. 

FOOD  PLANTS. 

Besides  alfalfa  the  larva  is  known  to  feed  upon  the  two  buffalo 
clovers,  Trifolium  reflexum  and  T.  stoloniferum^  which  probably  con- 
stitute its  original  native  food  plants.  It  also  feeds  upon  white  clover 
{T.  repens)^  and  in  California  on  T,  tridentatum,  but  is  said  not  to 
attack  red  clover  {T.  pratense).  Other  food  plants  noted  by  Scudder 
are  Hosackia,  ground  plum  {Astragalus  caryocarpiis)^  and  A.  crotal- 
arice.  The  butterfly  is  known  to  oviposit  on  Medicago  hispida^  and  at 
Indio,  Cal.,  on  July  1  the  writer  found  larvae  feeding  on  sweet  clover 
{MelUotus  alba)  J  which  strangely  enough  they  seemed  to  prefer  to  a 
patch  of  alfalfa  growing  close  by.  Eggs  were  also  observed  to  be 
very  numerous  upon  the  leaves  of  the  sweet  clover  at  the  same  time. 

INSECT  ENEMIES. 

The  white  eggs  of  tachinid  flies  were  always  in  evidence  wherever 
any  larvae  were  to  be  found,  and  the  young  of  these  destroy  quite  a 
large  number  of  worms.  In  one  instance  it  was  noted  that  as  many  as 
15  per  cent  of  the  worms  had  tachinid  eggs  on  them.  Because  of  the 
supposedly  contagious  disease,  as  shown  in  a  following  paragraph, 
little  success  resulted  from  rearing  these  parasitic  flies.  Five  speci- 
mens were  reared  from  the  larvae  of  Eurymus.  These  were  all  of  the 
species  Euphorocera  daripennis  Macq.  (fig.  6).  One  specimen,  de- 
termined by  Mr.D.W.Coquillett,of  this  bureau,  as  Madcera  sp.,  was 
reared  from  the  pupa  of  Eurymus. 

Two  species  of  hymenopterous  parasites  were  reared.  From  the 
Eurymus  larvae  several  specimens  of  Limnerhini^i^. — all  females,  how- 
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Fig.  6. — Euphoroccra  claripennis,  a  parasite  of  the 
alfalfa  caterpillar :  Adult  and  enlarged  antenna  of 
same;  puparium.     Enlarged.     (From  Howard.) 


ever — were  reared,  while  one  specimen  of  Ghalcis  ovata  Say  (fig.  7) 

was  reared  from  a  pupa  of  Eurymus.    It  seems  from  this  that  the 

hymenopterous  parasites 
are  much  in  evidence,  al- 
though if  the  material 
had  not  been  affected  by 
the  supposedly  contagions 
disease  many  more  might 
have  been  secured. 

The  cotton  hollworm 
rrUataken  for  an  alfalfa 
caterpillar. — A  large 
green  caterpillar  known 
as  the  boUworm,  HeliO' 
this  obsoleta  Fab.  (fig.  8), 
that  can  be  distinguished 
from  the  Eurymus  be- 
cause it  is  of  a  lighter 
green  color,  about  one- 
fourth   larger,  and   hairy   and   rough   in   appearance   rather  than 

smooth,  with  three  black  lines  traversing  its  body  lengthwise,  is  quite 

prevalent  in  the  Imperial  Valley,  and  is  often  mistaken  for>  the 

alfalfa  caterpil- 
lar by  many 

farmers.    Mr. 

E.  O.  G.  Kellv 

and  Mr.  T.  H. 

Parks,  agents  of 

the    Bureau    of 

Entomology, 

working  at  Wel- 

ington,  Kans.,  in 

the   summer    of 

1909   also  noted 

this  species  and 

reported     it     as 

being  of  a  pre- 

daceous     habit.<* 

As  noted  in  the 

valley,   it  was 

found  to  do  very 

little  damage  to  alfalfa,  but  to  be  a  ravenous  enemy  of  the  alfalfa 

•This  cannibalistic  habit  has  also  been  observed  in  Texas  by  Qoalntance  and 
Brues.    Bui.  50,  Bur.  Ent,  U.  S.  Dept  Agr.,  pp.  7^-80,  1905. 
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Fig.  7. — Chalets  ovata,  a  parasite  of  the  alfalfa  caterpillar: 
a,  I^upa  ;  b,  parasitized  pupa  of  tussock  moth  {Hemerooampit 
leucostigma)  :  c,  adult ;  d,  same  in  profile;  e,  pupal  erovlam. 
Enlarged.     (From  Howard.) 
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caterpillar,  never  eating  alfalfa  as  long  as  it  could  find  the  larvae  or 
pupae  of  Eurymus  around. 

One  of  these  larvae  ate  5  larvae  of  the  Eurymus  during  a  single  day, 
and  on  May  25  the  writer  counted  many  dozens  of  pupal  cases  in  the 
field  that  had  the  contents  eaten  out.  Each  case  had  an  irregular 
opening  eaten  into  it;  sometimes  the  end  of  the  abdomen  would  be 
eaten  away,  and  again  the  opening  would  be  on  the  side,  often  the 
entire  side  being  destroyed.  Upon  further  search  the  larvae  of  Helio- 
this  were  found  in  the  act  of  devouring  the  pupae  and  were  thus 
responsible  for  the  damage. 

OTHER  NATURAL  ENEMUE0. 

Larval  disease. — ^The  most  common  natural  enemy  observed  was  a 
supposedly  contagious  disease  which  there  has  not  yet  been  an  oppor- 
tunity to  carefully  study.  This  was  prevalent  all  over  the  valley 
and  is  present  at  all  seasons.  It  destroys  both  the  pupa  and  larva, 
but  more  often  the  larva.  The  worms  when  attacked  by  the  disease 
turn  a  lighter  green,  become  sluggish,  and  in  a  day  or  two  are  nothing 
but  a  soft,  decayed  mass,  usually  found  hanging  to  the  alfalfa  stalks. 
The  development  of  the  disease  apparently  depends  upon  moisture, 
as  it  is  more  often  noticed  in  moist  fields.  The  fact  that  it  does  not 
at  all  times  keep  the  worms  in 
suppression  is  without  a  doubt 
due  to  the  fact  that  the  climate 
of  the  Imperial  Valley  is  very 
dry.    Larvae    brought    to    the      „      «     „  „  .„ ,.  .^,     .... 

^    f        .  M  '  ^  '  ±        ^**'-    8— Bollworm    {HeUoihis  obaoleta),   an 

laboratory  for  rearmg  of  insect  enemy    of    the    alfalfa    caterpillar.     Twice 

parasites  and  for  life-history  natural  siw.  (Original.) 
studies  in  a  large  percentage  of  cases  died  of  the  disease  as  soon  as 
confined.  A  quantity  of  worms  sent  to  Berkeley,  Cal.,  by  Mr.  WiLsie, 
of  the  Imperial  Valley  horticultural  commission,  for  experimental 
rearing  of  parasites,  all  died  of  the  disease,  either  before  reaching 
their  destination  or  the  day  after.  During  the  first  week  of  July  the 
humidity  was  exceptionally  high  for  the  Imperial  Valley,  and  at  the 
time  about  95  per  cent  of  the  larvae  in  the  valley  succumbed  to  disease, 
thus  saving  a  hay  crop  for  a  great  many  of  the  farmers,  but  stopping 
experiments  almost  completely.  It  is  probable  that  this  disease  has 
occurred  in  years  past,  and  it  may  occur  in  future  years,  at  some  time 
during  the  summer  season,  in  such  abundance  as  to  destroy  a  brood, 
as  it  did  in  the  past  year  (1910). 

It  seems  to  be  partly  due  to  this  disease  that  the  alfalfa  cater- 
pillar does  not  appear  in  such  large  numbers  in  other  regions  of  the 
Southwest,  notably  in  alfalfa  regions  in  Arizona.  Here  there  seems 
to  be  greater  humidity  and  more  moisture,  and  the  disease  is  able  to 
keep  the  number  of  worms  reduced  to  a  minimum. 
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It  is  the  intention  of  the  Bureau  of  Entomology  to  repeat  these 
observations  and  experiments  in  the  Southwest  during  the  summer  of 
1911,  and  in  order  to  do  so  the  bureau  would  be  glad  to  cooperate 
with  any.  farmers  who  wish  to  put  their  farms  or  ranches  imder  a 
rigid  system  of  control.  The  greater  the  number  of  farmers  follow- 
ing this  plan  the  greater  the  beneficial  results  that  may  be  expected. 

METHODS  OF  CONTROL. 
INSECTICIDES. 

In  dealing  with  insect  pests  affecting  cereal  and  forage  crops  it 
has  proved  possible  in  only  a  few  instances  to  control  them  by  the 
use  of  any  of  the  various  insecticides  or  poisons.  The  reason  for  this 
lack  of  success  lies  largely  in  the  fact  that  such  crops  are  distributed 
over  a  wide  area  and  the  expense  of  application  of  any  insecticide  as 
a  control  measure  is  necessarily  high,  while  a  lack  of  thoroughness  is 
likely  to  arise  when  one  tries  to  keep  the  expense  of  treatment  down 
to  an  economical  basis. 

Since  the  alfalfa  hay  is  fed  to  stock,  it  is  not  possible  to  use  any 
of  the  arsenical  poisons  against  the  caterpillar  of  the  alfalfa  butter- 
fly. A  few  experiments  were  tried  by  using  pyrethrum  or  "  buhach.'' 
As  this  is  not  a  poison,  and  since  its  fatal  effect  upon  the  larvae  of 
butterflies  is  produced  externally  through  their  breathing  pores, 
there  would  thus  be  no  danger  to  stock.  Pyrethrum  was  used  in  one 
case  at  full  strength,  and  in  another  instance  it  was  diluted  with  equal 
proportions  of  flour.  An  application  was  made  by  dusting  this  sub- 
stance from  a  cheesecloth  sack,  following  the  primitive  method  of 
applying  Paris  green  to  potato  vines,  at  the  rate  of  3  pounds  of 
pyrethrum  to  the  half  acre,  which  in  the  case  of  diluted  material 
would  make  li  pounds  of  pyrethrum  to  the  half  acre.  This  first 
test  was  tried  on  July  8,  and  no  results  were  obtained,  because  of  the 
fact  that  just  two  days  later  practically  all  of  the  worms  in  the  field 
where  the  test  was  being  made  were  destroyed  by  the  malady  before 
mentioned.  The  same  experiment  was  repeated,  however,  on  Septem- 
ber 22,  and  in  this  case  also  the  results  were  negative,  not  a  cater- 
pillar being  killed.  It  would  seem,  therefore,  that  the  application 
was  not  sufficiently  heavy  to  kill  the  worms,  and  that  to  have 
increased  the  amount  of  pyrethrum  applied  might  have  resulted  in 
the  eradication  of  the  pest ;  but  as  the  cost  of  pyrethrum  at  the  rate 
of  3  pounds  to  the  acre  is  already  nearly  $2,  without  considering  the 
expense  of  application  by  hand,  this  would  be  out  of  consideration 
from  an  economic  point  of  view.  However,  the  excellent  results 
obtained  through  the  use  of  pyrethrum  in  the  case  of  other  insects 
will  justify  further  experimentation  along  this  line,  and  it  may  be 
possible  to  use  it  in  the  smaller  fields. 
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aYHTSM  OF  OBOP  CULTDBiL 

For  the  reasons  just  given  the  control  problem,  in  dealing  with 
this  alfalfa  pest,  resolves  itself  to  one  of  the  method  of  handling  the 
crop.  Not  long  after  the  Bureau  of  Entomology  began  observations 
in  the  Imperial  Valley  the  writer  was  informed  by  well-to-do  ranchers 
that  not  all  alfalfa  fields  or  even  all  ranches  were  affected  by  the 
caterpillars,  there  being  apparently  certain  conditions  regulatiiig  the 
devastation.  One  cause  for  this,  as  noted  earlier  in  this  paper,  was 
the  presence  of  stock  in  certain  fields,  but  even  in  hay  i^ancb^s  there 
wa^  a  variatipii  in  the  numbers  of  the  caterpillars,  Accordingly 
there  wa§  outlined  a  series  of  experiments  ix\  which,  in  certain  fields 
uc^der  observation,  definite  methods  of  managemeut  were  tested  to 
see  whether  some  of  them  would  not  reduce  or  perhaps  entirely  elimi- 
nate the  damage.  Before  describing  the  conditions  existing  in  these 
fields  it  would  be  well  to  consider,  first,  the  conditions  eixisting  in 
certain  other  alfalfa  fields  not  under  the  direction  of  the  agents  of 
the  bureau  which  suffered  greatly  because  of  the  pest,  the  owners 
often  losing  an  entire  crop.  The  fir^  fact  nc^ed  was  that  the  cater- 
pillar damage  in  such  fields  seemed  to  be  correlated  with  the  condi- 
tion of  the  soil.  A  field  seriously  damaged  often  revealed  a  poor 
soil;  at  least,  a  soU  not  well  adapted  to  alfalfa  culture,  and  conse- 
quently producing  a  slow-growing  crop.  Of  course,  not  all  the  fields 
damaged  were  of  such  poor  soil,  for  some  of  the  very  best  alfalfa 
fields  were  seriously  ravaged,  but  in  these  latter  cases  this  was  at- 
tributable to  other  factors,  such  as  time  and  careless  manner  of  cut- 
ting and  time  of  irrigation.  The  sandy  loams  or  light  soils  are  the 
best  for  alfalfa  production,  and  consequently  least  damaged.  A 
heavy  soil  can  be  greatly  improved  and  the  growth  of  the  alfalfa 
increased  by  deep  plowing  and  thoroughly  preparing  the  seed  bed 
at  time  of  seeding  the  crop  and  then  renovating  the  alfalfa  yearly  by 
disking  or  by  the  use  of  an  alfalfa  renovator. 

The  worst  conditions  noted  were  those  in  which  the  attack  of  the 
caterpillar  was  due  to  delayed  cutting  of  the  hay  crop  and  due  quite 
often  to  the  fact  that  many  of  the  ranchers  were  trying  to  cultivate 
more  land  than  it  is  possible  for  one  man  to  farm  successfully.  With 
such  ranchers  some  of  the  followiAg  defects  are  observable  in  their 
treatment  of  the  hay  crop:  First,  there  is  often  insufficient  water 
used  to  provide  for  the  prompt  development  of  the  alfalfa  crop.  An 
abundance  of  water  is  very  necessary,  as  it  enables  the  alfalfa  to  make 
faster  growth,  and  thus  the  farmer  can  reap  his  crop  sooner  and  be- 
fore the  caterpillars  have  effected  much  damage.  Second,^  the  crop 
is  not  cut  early  enough  in  the  majority  of  cases — about  90  per  cent — 
that  is,  the  alfalfa  is  too  far  advanced  in  bloom  when  cut^  and  this 
delayed  cutting  enables  the  caterpillars  to  mature  successfully.    The 
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alfalfa  should  be  cut  just  when  it  is  beginning  to  bloom.  Other 
noticeable  factors  which  tended  to  hamper  control  measures  were  that 
at  haying  time  the  crop  was  cut  high,  the  turning  comers  were  left 
ragged,  and  the  ditch  banks  and  borders  poorly  mowed,  if  at  all,  and 
thus  the  caterpillars  that  were  present  and  had  not  gone  through  to 
the  adult  stage  had  a  large  amount  of  material  upon  which  to  de- 
velop, and  soon  did  so,  so  that  the  butterflies  from  these  were  ready 
for  the  next  crop.  These  places  would  also  afford  bloom  which  would 
naturally  attract  the  butterflies. 

For  fields  in  which  good  cultural  conditions  were  to  be  created  and 
in  which  methods  were  to  be  inaugurated  that  would  not  further  the 
development  of  the  caterpillars,  10  locations  were  selected  and  used 
as  a  basis  of  work.  From  what  was  said  in  the  previous  paragraph 
it  will  be  readily  seen  that  the  thing  to  be  done  in  these  fields  was  to 
put  them  under  a  system  that  would  remedy  all  or  part  of  the  defects 
noted  in  other  fields. 

As  has  been  mentioned  before  in  this  paper,  four  generations  of 
caterpillars  were  observed  in  the  Imperial  Valley  the  past  year 
(1910).  A  large  part  of  the  damage  was  due  to  the  caterpillars  of 
the  third  and  fourth  generations,  the  first  and  second  not  being 
numerous  enough  to  assume  any  serious  aspect.  The  task,  then,  was 
to  keep  their  numbers  below  the  point  at  which  they  could  do  any 
considerable  damage.  The  time  to  start  this  control  work  was  natur- 
ally with  the  earlier  generations.  The  ten  fields  mentioned  (no  two 
of  which  had  had  the  same  conditions  of  culture  previous  to  that 
year,  and  which  had  all  suffered  more  or  less  damage  the  year  before, 
namely,  in  1909)  were  given  what  might  be  termed  clean  culture,  or 
careful  management.  Just  as  soon  as  possible  after  removing  a  crop 
of  hay,  using  the  methods  to  be  described  later,  the  field  was  irrigated 
thoroughly,  thus  starting  the  growth  quickly.  The  field  was  again 
irrigated  as  soon  as  the  dry  condition  of  the  crop  required,  and  thus 
the  growth  was  forced  and  not  allowed  to  be  checked.  It  takes  about 
28  days  to  produce  a  hay  crop  in  the  Imperial  Valley,  a  little  longer 
than  this  in  the  spring  and  fall,  and  a  few  days  less  in  warmer 
weather.  It  also  takes  just  as  many  days  as  has  been  shown  under 
"  seasonal  history  "  for  the  butterflies  to  develop  from  egg  to  adult. 
Now  if  the  crop  of  hay  be  forced  by  frequent  watering,  or  because 
of  good  soil  conditions,  the  worms  will  not  have  gone  into  the  rest- 
ing stage  at  time  of  cutting,  but,  instead,  will  still  be  feeding  on  the 
green  alfalfa,  and  when  the  hay  is  cut  and  removed  conditions  are 
rendered  unfavorable  for  their  development  and  their  food  supply 
will  be  correspondingly  reduced.  Therefore,  the  hay  should  be  cut 
just  as  it  is  coming  into  bloom,  which  is  a  few  days  sooner  than  it 
is  generally  thought  advisable  to  cut  it,  as  a  generation  of  worms 
will  take  a  whole  field  in  a  short  time.    Thus  not  only  will  the  hay 
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be  saved,  but  the  major  portion  of  the  larvae,  jSnding  a  lack  of  the 
food  necessary  for  their  complete  development,  will  ultimately  perish. 
To  bring  about  this  condition,  however,  it  is  necessary  to  mow  the 
field  carefully,  leaving  no  high  stubble.  The  tumrows,  borders, 
and  ditch  banks  should  also  be  closely  mown,  as  this  will  not  only 
reduce  the  supply  of  food  for  the  larvse  but  also  that  of  the  butter- 
flies, as  such  plants  will  afford  considerable  bloom.  In  two  cases  in 
the  writer's  experiments  it  became  necessary  to  remow  the  fields 
at  a  cost  of  from  30  to  50  cents  per  acre,  and  then  in  all  cases  to 
irrigate  promptly.  As  a  result  of  this  procedure  a  large  percentage 
of  the  caterpillars  failed  to  develop  to  the  imago  or  butterfly  stage. 
Deducting  these,  together  with  the  larger  number  that  failed  to 
reach  the  pupal  stage,  it  will  be  seen  that  there  were  many  hundred 
less  worms  to  attack  the  next  crop,  as  each  butterfly  developing  from 
them  would  have  deposited  at  least  100  eggs.  In  some  fields,  in- 
stead of  irrigating  immediately  after  the  hay  was  removed,  the 
experiment  was  tried  of  letting  the  field  go  dry  for  several  days, 
and  thus  starving  the  worms.  While  this  gave  good  results  it  was 
not  as  satisfactory  as  the  method  of  immediate  irrigation,  for  there 
was  always  enough  moisture  in  the  field  to  start  the  new  crop  going 
and  thus  provide  a  little  food  for  the  caterpillars. 

The  complete  success  of  these  methods  is  dependent  on  cooperation 
among  the  farmers,  for  the  larger  the  percentage  of  those  who  in- 
augurate a  good  cultural  system  the  greater  will  be  the  benefit  derived 
therefrom.  The  butterflies,  however,  do  not  fly  very  long  distances, 
and  as  long  as  the  conditions  are  favorable  for  their  existence  on  one 
field  or  on  one  ranch  they  will  remain  there.  They  may,  however, 
fly  considerable  distances  when  forced  to  do  so  for  want  of  food  or 
for  fresh  green  alfalfa  on  which  to  deposit  eggs  or  when  driven  by 
the  wind,  and  thus  it  is  that  one  farmer  can  secure,  by  his  individual 
efforts,  such  remarkable  results  as  are  reported  below. 

RESULTS   OBTAINED. 

Of  the  ten  fields  cultivated  according  to  these  methods  only  one  was 
damaged  by  the  caterpillars  up  to  July  10,  the  date  on  which  so  large 
a  number  of  them  were  killed  by  the  disease  previously  mentioned. 
This  one  field  was  damaged  because  irrigation  had  been  delayed  for 
nearly  two  weeks  after  the  cutting  of  the  second  crop,  owing  to  a  new 
ditch  which  was  under  construction.  Being  a  thrifty  field  naturally, 
the  alfalfa  had  made  a  start,  assisted  by  the  moisture  still  present  in 
the  ground,  and  butterflies  coming  in  from  an  outside  field  deposited 
eggs  on  this  new  growth,  thus  enabling  the  worms  to  destroy  the  best 
of  the  crop  after  it  was  finally  irrigated.  As  a  result  almost  an  en- 
tire crop  was  lost  A  field  adjoining  on  the  south,  which ^d  been. 
[Clr.1331  ^  ^^    ^  - 
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irrigated  immediately  after  cutting,  wa9  not  in  the  least  damaged. 
This  was  a  lesson  in  itself,  as  it  indicated  the  njeeeasity  for  prompt 
work. 

PBOTECTIVB  HSASUBEa  ADVIfiVP. 

Thus  from  a  comparison  of  observations  made  in  the  two  classes  of 
fields  it  is  possible  to  derive  the  following  rules  for  handling  the 
crop : 

Do  not  abandon  a  field  because  the  caterpillars  are  beginning  to 
damage  a  hay  crop.  If  the  caterpillars  threaten  the  destruction  of  a 
crop  of  alfalfa  before  the  hay  can  possibly  mature,  mow  it  at  once, 
cutting  it  low  and  clean,  and  in  so  doing  starve  a  large  majority  of 
this  generation  of  worms,  thereby  protecting  the  next  crop  as  well  as 
saving  a  part  of  the  one  already  affected. 

Get  the  ranch  in  the  best  possible  cultural  condition.  Irrigate 
often  and  thoroughly  and  as  soon  after  cutting  as  the  crop  of  hay 
can  be  gotten  off  the  ground. 

Cut  close  to  the  ground  and  clean,  especially  along  the  ditch 
banks,  borders,  and  tqrnrows,  as  well  as  in  the  main  part  of  the  field. 

Cut  the  crop  ^arly.  When  just  coming  in  bloom  is  the  proper 
time.  Watch  for  caterpillars  in  the  early  spring  crop,  and  if  many 
are  observed  about  grown  cut  the  hay  a  few  days  before  it  is  in 
bloom,  and  thus  save  the  next  crop. 

Pasture  alfalfa  whenever  possible,  as  a  minimum  amount  of  dam- 
age occurs  in  such  fields. 

Use  the  methods  just  mentioned  on  early  spring  crops,  no  matter 
whether  any  worms  are  noticeable  or  not,  and  thus  avoid  any  risk  of 
having  overlooked  them.  The  satisfactory  results  must  come  from 
an  application  to  an  early  crop. 

Renovate  ev€?ry  winter,  either  by  disking  or  by  the  use  of  an  alfalfa 
renovator,  thus  disturbing  any  pupae  that  may  be  wintering  over,  and 
putting  th^  land  and  alfalfa  in  condition  for  good  growth  the  follow- 
ing spring. 

These  methods,  while  they  will  probably  be  of  value  in  other  sec- 
tions, have  been  tried  only  in  the  Imperial  Valley  of  California,  and 
they  are  not  specifically  recommended  for  sections  where  climatic 
and  other  conditions  differ  from  those  found  in  this  valley. 

Approved. 

James  Wilson, 

Secretary  of  Agriculture. 
Washington,  D.  C,  January  26^  1911. 
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THE  ASPARAGUS   MINEB.^ 

(Agromyza  nmpUx  Loew.) 

By  F.  H.  Chittendbn,  Sc.  D., 
In  Charge  of  Truck  Crop  and  Stored  Product  Insect  Investigatioru, 

The  stalks  of  asp€U*agus  are  frequently  attacked  by  insects,  and  in 
recent  years  have  been  reported  considerably  injured  by  the  larva  or 
maggot  of  a  minute  black  fly  to  which  the  name  asparagus  miner  has 
been  given.  The  larva  mines  beneath  the  epidermis  of  the  stalk,  and 
when  it  has  transformed  to  the  puparium  or ''  flaxseed  "  stage  the  thin 
outer  skin  becomes  more  or  less  ruptured  and  the  presence  of  the 
insect  is  easily  detected.     It  operates  more  abundantly  near  the  base 


Fie.  1.— The  aav&ngOB  miner  (Aifnmffza  thnpUx):  Fly,  doraal  view  at  left,  lateral  view  at  right.    Highly 
magnified .    (Author's  illustration . ) 

of  the  stalks  and  penetrates  below  the  surface  of  the  ground  to  a 
depth  of  7  or  8  inches.  During  the  year  1906  this  species  attracted 
considerable  attention  by  its  abundance  in  some  of  the  principal 
asparagus-growing  sections  of  New  England  and  it  bids  fair  to  become 
a  pest  of  considerable  importance.  It  was  first  noticed  on  asparagus 
in  1896,  prior  to  which  time  nothing  was  known  of  its  habits.  It  is  a 
native  species  and  evidently  restricted  to  asparagus  as  a  food  plant. 
Until  the  year  1906  it  had  not  been  recognized  as  doing  injury  to 
cutting  beds,  although  attack  had  been  observed  in  various  sections. 

a  Revised  reprint  from  Bui.  66,  n.  s.,  Bur.  Ent.,  U.  S.  Dept.  Aggr. 
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The  mines  of  the  larvsB  about  and  below  the  bases  of  the  stalks  are 
frequently  so  abundant  that  they  have  the  effect  of  girdlmg,  so  that 
the  injured  stalks  can  readily  be  pulled  from  the  ground. 

DESCEIPTIVE. 

The  parent  insect  is  a  two- winged  fly  (fig.  1),  metallic  black,  with 
large  prominent  head  and  eyes,  and  clear  wings,  the  wing  expanse 
being  about  one-sixth  of  an  inch  (4  mm.). 

The  larva  (fig.  2,  a)  is  about  one-fifth  of  an  inch  long  and  milk- 
white  in  color.     Like  other  maggots,  it  is  footless,  lai^e  at  the 

posterior   extremity,   and    tapering 
toward  the  head. 

The  puparium  (fig.  2,  d,  e)  is  not 
unhke  the  '^ flaxseed"  of  the  perni- 
cious Hessian  fly,  with  which  it  has 
been  aptly  compared.  At  a  little 
distance,  also,  it  suggests  a  Lecanium 
scale.  This  stage  is  remarkable  be- 
cause of  its  peculiar  flattened  and 
curved  position,  as  seen  from  the 
side.  It  is  red  in  color,  and  meas- 
ures about  3.5  mm.  in  length  and 
about  1  mm.  in  width. 
The  egg  has  not  been  observed. 
This  species  belongs  to  the  dipter- 
ous family  Agromyzidae,  and  was  described  by  Loew  in  1861, <*  the 
locaUty  being  given  as  ''Middle  States." 

DISTEIBUTION. 

In  its  injurious  occurrences  this  species  appears  to  be  limited  to  the 
eastern  United  States,  from  New  England  to  Tennessee.  From  avail- 
able data  it  is  quite  obvious,  however,  that  it  may  be  destructive  over 
a  considerable  territory,  including  a  large  portion  of  Massachusetts 
and  Connecticut,  Long  Island,  the  District  of  Columbia,  Pennsyl- 
vania, and  Tennessee.  As  it  is  recorded  from  New  Jersey,  it  is  prob- 
ably injurious  there,  although  no  reports  of  injury  in  that  State  have 
reached  this  office.  In  time  it  will  doubtless  attract  attention  in 
intermediate  points  and  in  States  farther  north  and  west.  It  has  also 
appeared  in  asparagus  beds  in  California. 

HISTORICAL  AND   BIOLOGICAL   NOTES. 

In  May,  1897,  and  afterwards  tibis  fly  was  observed  in  abundance 
by  the  writer  on  terminal  shoots  of  asparagus,  particulaxly  at  CaMn 
John,  Md.    Two  weeks  later  no  more  flies  were  seen,  but  June  26 


Fio.  2.— The  asparagus  miner  (Agromifza  sim- 
plex): a,  Larva,  lateral  view;  b,  thoracic  spir- 
acles; e,  anal  spiracles;  d,  puparium  from  side; 
e,  same  from  above;  /,  section  of  asparagus 
stalk,  showing  injury  and  location  of  puparia 
on  detached  section.  a-«,  Much  enlarged:  /, 
sligh  tly  reduced.    ( Author's  illustration. ) 


o  Diptera  Americae  septentrionalis  indigena,  Genturia  octava  84,  p.  100. 
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thej  reappeared  and  were  then  usually  seen  m  copula.  It  was  sur- 
mised at  the  time  that  this  second  appearance  indicated  the  first  new 
generation  of  the  year  and  its  abundance  on  asparagus  seemed  to  show 
that  it  lived  in  some  manner  at  the  expense  of  that  plant.  Examina- 
tion of  asparagus  plants  at  that  time,  however,  failed  to  show  attack.^ 

In  1900  complaints  of  injuries  were  made  in  the  District  of  Colum- 
bia, and  at  Knoxville,  Tenn.,  and  in  the  meantime  the  species  came 
under  the  observation  of  Mr.  F.  A.  Sirrine,  who  stated*  that  work 
was  first  observed  in  asparagus  fields  on  Long  Island  in  1896.  Late 
in  September,  1900,  word  was  received  of  injury  to  asparagus  from 
Tennallytown,  D.  C.  When  the  writer  visited  the  field,  although 
injury  was  apparent  on  the  outer  skin  of  some  stalks,  no  living 
specimens  could  be  obtained,  only  the  dried  puparia  being  in  evidence 
at  that  time.  October  2  of  the  same  year,  Mr.  Samuel  M.  Bain, 
University  of  Tennessee,  KnoxviUe,  Tenn.,  sent  a  stalk  of  asparagus 
showing  the  work  of  this  miner  upon  the  skin,  and,  October  27, 
specimens  of  the  dried  puparia. 

February  18,  1901,  it  was  reported  at  Philadelphia,  Pa.,  that  this 
insect  seemed  to  cause  much  greater  trouble  than  the  common 
asparagus  beetle.  Two  or  three  new  beds  of  asparagus  were  lost  on 
account  of  its  ravages. 

By  the  writer's  direction,  Mr.  F.  C.  Pratt  visited  a  truck  farm  at 
Brookland,  D.  C,  where  asparagus  was  one  of  the  main  crops,  June 
18,  1902.  Asparagus  was  still  being  cut  for  market,  but  volunteer 
plants  were  growing  here  and  there  in  fields  of  com,  cantaloupe,  and 
potatoes,  between  rows.  A  few  flies  were  seen  on  terminal  shoots  of 
asparagus  that  showed  wilting,  and  many  volunteer  plants  were 
badly  infested,  most  individuals  having  transformed  to  pupae. 
Although  stems  break  off  just  below  the  ground,  the  entire  colony  of 
insects  below  that  point  is  left  with  sufficient  moisture  and  nourish- 
ment for  their  maintenance.  The  puparia  were  present  in  great 
numbers  underneath  the  outer  skin  of  the  root,  and  as  many  as  nine 
puparia  were  counted  in  a  space  only  an  inch  long  on  one  stalk.  The 
stfdks  below  the  point  of  injury  appeared  to  be  perfectly  sound. 
Larvae  also  were  found  in  rotting  stalks  that  broke  off  just  below 
ground. 

During  September,  1906,  Messrs.  J.  B.  Norton  and  A.  D.  Shamel, 
of  the  Bureau  of  Plant  Industry,  furnished  stems  of  asparagus  from 
Concord,  Mass.,  showing  severe  infestation  by  this  species,  many 
puparia  being  present  under  the  mined  outer  skin.  In  the  neighbor- 
hood of  Concord,  a  very  important  asparagus-growing  region  where 
hundreds  of  acres  are  devoted  to  this  crop,  infestation  was  practi- 
cally absolute,  the  insect  being  as  abundant  as  the  common  asparagus 
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beetle,  and  present  wherever  rust  was  found;  as  also  where  no  ru84 
was  present.    Some  plants  showed  injury  7  inches  below  the  surface. 

Later  Mr.  Shamel  reported  finding  infestation  in  every  field  and 
patch  of  asparagus  which  he  visited  in  Massachusetts  and  Connect- 
icut, particularly  at  Suffield,  Granby,  and  Hartford,  CJonn.,  and  he 
believed  attack  to  be  widespread.** 

October  26,  1906,  Mr.  Ralph  E.  Smith  wrote  that  the  conditions 
under  which  this  asparagus  miner  was  found  in  abundance  in  the 
yellow  stalks  of  asparagus  in  California,  as  reported  by  him  in  an 
article  on  Asparagus  Rust  Control,*  had  prevailed  for  two  or  three 
years.  The  insect  was  always  very  abundant  at  the  base  of  yellow, 
dying  stalks,  although  injury  was  attributed  to  the  "centipede," 
reported  as  wireworms  on  a  previous  occasion.*^ 

The  asparagus  miner  was  reported  by  Mr.  I.  J.  Condit  in  the  vicinity 
of  Antioch,  Cal.,  August  19, 1908,  where  the  common  asparagus  beetle 
was  also  abundant.  The  miner  was  equally  numerous  and  stalks 
showing  infestation  were  received.  The  miner-infested  stalks  could 
generally  be  detected  by  their  roughened  appearance  near  the  ground- 
This  species  was  also  taken  at  Oakley,  and  it  seems  probable  that  it 
is  becoming  generally  distributed  in  California.  In  one  place  at 
Oakley  Mr.  Condit  observed  the  miner  quite  conmion  on  some  stalks. 

During  October,  1908,  the  writer  observed  this  species  well  estab- 
lished on  asparagus  in  the  vicinity  of  Portsmouth,  Va.  In  October, 
also,  very  severe  injury  was  reported  to  asparagus  in  the  vicinity  of 
Concord,  Mass.  The  roots  of  the  plants  were  not  only  girdled,  but 
the  miners  worked  up  the  stalks  some  inches  above  the  ground. 

REMEDIAL  MEASUBES. 

With  our  present  knowledge  of  the  life  economy  of  this  species, 
two  methods  of  control  suggest  themselves  as  of  greatest  value,  and  it 
may  be  that  they  will  prove  all  that  is  necessary  under  ordinary 
conditions. 

(1)  In  spring  permit  a  few  volunteer  asparagus  plants  to  grow  as 
a  trap  crop,  to  lure  the  fly  from  the  main  crop  or  the  cutting  beds 
for  the  deposition  of  her  eggs.  After  this  has  been  accomplished 
the  trap  crop  should  be  destroyed  by  pulling  the  infested  plants  and 
burning  them  with  their  contained  puparia.  The  time  to  pull  the 
plants  wUl  vary  according  to  locality  and  somewhat  according  to 
season  also.  The  second  and  third  week  in  Jime  would  be  about  the 
right  time  in  and  near  the  District  of  Columbia.  On  Long  Island 
this  work  should  be  done  a  week  or  two  later.    In  the  northernmost 

olts  occurrence  at  New  Haven,  Conn.,  is  recorded  by  W.  E.  Britton  (6th  Rept. 
State  Ent.  Conn,  for  1906,  pp.  303-306,  1907). 
bBul.  172,  Univ.  Cal.  Agric.  Exp.  Sta.,  p.  21.  ^  . 

«Bul.  166,  loc.  cit.  Digitized  by  VjOOQ IC 


THE  ASPABAGUS  MINEE.  5 

range  of  this  insect — ^for  example,  in  Massachusetts — the  last  week  of 
June  would  be  a  suitable  time. 

These  plants  must  be  destroyed  before  the  end  of  the  cutting  sea- 
son, otherwise  they  are  apt  to  provide  abundant  rust  infection. 

(2)  The  second  generation  can  be  destroyed  in  like  manner  by 
pulling  old  infested  asparagus  stalks  as  soon  as  attack  becomes  mani- 
fest and  promptly  burning  them  also. 

If  this  work  were  carefully  done  over  a  considerable  area,  it  would 
leave  little  necessity  for  other  methods,  since  it  would  do  away  with 
these  insects  in  the  vicinity  and  leave  few  to  be  dealt  with  another 
season ;  unless,  indeed,  this  insect  has  an  alternate  food  plant.  Thor- 
oughness and  the  cooperation  of  neighboring  asparagus  growers  are 
essential  for  success. 

Approved: 

James  Wilson, 

Secretary  of  Agriculture. 

Washington,  D.  C,  January  SI,  1911. 
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THE  DISTRIBUTION  OF  THE  EOCKY  MOUNTAIN 
SPOTTED-FEVEE  TICK, 

{Dermacentor  venustus  Banka) 
By  F.  C.  B18HOPP, 
Agent  and  Expert. 

The  demonstration  of  the  fact  that  Rocky  Mountain  spotted  fever, 
an  important  disease  of  man,  is  conveyed  by  the  conmion  wood  tick 
of  the  Rocky  Mountains,  has  naturally  attracted  considerable  atten- 
tion. In  the  year  1902  Drs.  Wilson  and  Chowning  advanced  the 
theory  that  the  "wood  tick''  acts  as  a  carrier  of  the  disease.  In 
1906  the  late  Dr.  H.  T.  Ricketts  began  a  series  of  admirably  planned 
and  executed  experiments  which  showed  that  the  tick  Dermacentor 
venu8tu8  Banks  is  principally,  if  not  entirely,  responsible  for  the 
transmission  of  this  disease  to  man. 

While  the  disease  appears  in  its  most  virulent  form  in  the  Bitter 
Root  Valley  in  western  Montana,  it  is  known  definitely  to  occur  in  a 
less  severe  form  in  parts  of  Idaho,  Wyoming,  Utah,  and  Nevada. 
Although  no  authentic  records  to  that  effect  are  to  be  found,  there  is 
little  doubt  that  it  occurs  occasionally  in  certain  sections  of  Colorado 
and  Oregon.  In  the  Bitter  Root  Valley  from  70  to  80  per  cent  of 
the  cases  terminate  fatally,  while  in  southern  Idaho  there  is  a  mor- 
tality of  about  5  per  cent.  The  cases  of  the  disease  which  have  ap- 
peared in  the  other  States  mentioned  seem  to  be  of  this  less  virulent 

Since  it  has  been  determined  that  a  tick  is  the  transmitter  of  this 
disease,  the  importance  of  ascertaining  the  distribution  of  the  species 
concerned  is  at  once  apparent.  In  1909  Prof.  R.  A.  Cooley,  as  Ento- 
mologist of  the  Montana  Agricultural  Experiment  Station,  under- 
took the  determination  of  the  distribution  of  this  tick  in  the  State  of 
Montana.  He  accumulated  172  lots  of  ticks,  including  142  lots  of 
Dermacentor  vermstus,  from  49  localities.    During  the  same  season 
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Mr.  W.  V.  King  was  employed  as  an  agent  of  this  bureau  for  the 
purpose  of  collecting  specimens  especially  outside  of  Mcmtana.  In 
this  investigaticm  he  woi^ed  under  the  general  direction  of  Mr. 
W.  D.  Hunter,  but  under  the  immediate  supervision  of  Prof.  R  A. 
Cooley.  At  the  same  time  Mr.  J,  D.  Mitchell,  Mr.  F.  C.  Pratt,  and 
the  writ^,  as  agents  of  the  Bureau  of  Entomology,  made  eoHrnGtiaQB 
in  the  southern  and  central  portions  of  the  Rocky  Mountain  region. 
In  1910  Mr.  W.  D.  Hunter  formulated  plans  for  obtaining  further 
information  regarding  the  distribution  of  the  species.  By  the  use  of 
circular  and  personal  letters,  the  aid  of  several  hundred  individuals 
throughout  the  Western  States  was  obtained.  Through  the  coopera^ 
ti(m  of  these  correspondents  a  large  number  of  ticks  was  procured. 
All  of  the  material  was  sent  to  the  laboratory  at  Dallas,  Tex.,  where 
the  immature  ticks  were  reared  to  adults  and  all  specimens  were 
carefully  determined.  Mr.  Nathan  Banks,  a  specialist  in  this  group 
of  animals,  identified  mudi  of  ih%  material  recdved  during  1909. 

WHERE  THE  TICK  OCCURS. 

As  a  result  of  this  investigation  the  distribution  of  the  spotted-fever 
tick,  as  shown  by  the  accompanying  map  (fig.  1),  was  determined. 
The  map  includes  a  number  of  localities  in  Montana  where,  in  1909, 
Prof.  R.  A.  Cooley  determined  the  species  to  occur.  Our  knowledge 
of  the  distribution  is  based  upon  1,300  lots  of  ticks,  815  of  which  were 
Dermacentor  venuatus.  The  specimwis  of  this  spedes  were  obtained 
from  225  different  localities.  The  numbers  of  localities  in  the  dif- 
ferent States  in  which  this  tick  was  collected  are  as  foUows:  Cali- 
fornia 3,  Colorado  15,  Idaho  42,  Montana  72,  Nevada  11,  New  Mexico 
2,  Oregon  15,  Utah  12,  Washington  27,  Wyoming  26.  The  shaded 
portion  of  the  map  includes  all  of  the  localities  where  the  tick  has 
been  found.  The  darker  shading  indicates  the  regions  where  the 
species  occurs  in  greatest  abundance.  There  is  no  doubt  that  there 
are  areas  of  considerable  extent,  within  the  territory  indicated  as 
being  infested  by  the  Rocky  Mountain  spotted-fever  tick,  where  the 
tick  is  entirely  absent  or  where  it  is  found  only  occasionally. 

The  northern  part  of  the  Rocky  Mountain  region  in  the  United 
States  is  the  territory  principally  infested,  but  tlie  river  valleys  and 
sagebrush  plains  to  the  west  are  more  or  less  heavily  infested.  Al- 
though the  spotted-fever  tick  occurs  in  the  eastern  edge  of  the  Cas- 
cade Mountains,  it  does  not  appear  to  exist  in  the  main  Cascade  range 
and  has  never  been  found  to  the  west  of  the  divide  formed  by  those 
mountains.  It  has  been  found  in  the  western  portion  of  the  Black 
Hills  of  South  Dakota,  and  probably  occurs  throu|^ut  those  hills. 
There  is  no  doubt  that  the  species  is  common  in  southern  British 
Columbia  and  possibly  eastern  Alberta.  Two  females  were  collected 
by  Dr.  BL  G.  Dyar  at  Kaslo,  British  Columbia.   This  locality  is  about 
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66  miles  from  the  United  States  boundary,  direetly  north  of  the  line 
between  Idaho  and  Washington. 

This  tick  does  not  seem  to  be  limited  particularly  as  regards  life 
zones.  It  appears  to  be  meet  abundant  in  the  Transition  Zone,  but 
occurs  commonly  in  the  Canadian  and  TJpp^  Sonoran  Zonea  It  is 
probably  also  to  be  found  in  the  Hudsonian  Zone.  Specimens  have 
been  collected  at  various  elevations  from  slightly  over  500  feet  to 
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Fio.  1. — Map  showing  region  in  the  United  States  in  which  the  Rocky  Mountain  spotted- 
fever  tick  occurs.  The  degree  of  shading  indicates  the  relative  abundance  of  the  tick 
in  different  sections.     (Original.) 

nearly  9,000  feet  above  sea  level.  The  species  seems  to  reach  its 
highest  development  and  occur  in  greatest  numbers  between  3,000 
and  5,000  feet. 

FACTORS  INFLUENCING  ABUNDANCE. 

The  abundance  of  the  Rocky  Mountain  spotted-fever  tick  is  greatly 
influenced  by  the  presence  of  numerous  host  animals,  as  well  as  such 
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protecticm  as  is  afforded  by  timber.  Ticks  have  been  found  to  be 
especially  abundant  in  localities  where  there  is  much  fallen  timber 
and  brush.  The  immature  ticks  have  been  found  to  feed  almost  ex- 
clusively on  the  small  mammals,  and  adults  on  the  large  domestic 
animals.  Hence,  the  absence  or  scarcity  of  either  of  these  classes  of 
hosts  greatly  influences  the  number  of  ticks  occurring  in  a  given 
region. 

Mr.  Vernon  Bailey,  of  the  Bureau  of  Biological  Survey,  has 
pointed  out  that  the  distribution  of  a  subgenus  of  the  ground  squir- 
rels— ^namely,  Colobotis — corresponds  very  closely  to  the  area  in 
which  the  spotted-fever  tick  occurs.  The  relation  between  the  tick 
and  its  hosts,  as  well  as  control  measures,  will  be  discussed  at  l^igth 
in  a  publication  to  be  issued  under  the  auspices  of  the  Bureau  of 
Entomology,  the  Biological  Survey,  and  the  Montana  Agricultural 
College. 

THE  IMPORTANCE  OF  THE  DISTRIBUTION  OF  THE  TICK. 

It  is  not  desired  to  cause  undue  alarm  regarding  the  danger  from 
Rocky  Mountain  spotted  fever.  Since,  however,  the  malady  is  known 
to  occur  in  a  nimiber  of  the  States  where  this  species  of  tick  is  foimd, 
and  there  is  reason  to  believe  that  the  disease  is  spreading,  a  knowl- 
edge of  the  range  of  the  species  is  important.  In  fact  there  is  good 
reason  to  suppose  that  Rocky  Mountain  spotted  fever  may  occur  and 
be  transmitted  to  man  in  any  region  where  this  species  of  tick  is 
present  if  the  disease  is  once  introduced  into  a  locality  by  a  tick 
from  a  disease-infected  region,  or  by  man  or  some  other  animal  sus- 
ceptible to  the  disease.  It  may  also  be  stated  that  the  tide  is  of 
some  importance  as  a  parasite  of  live  stock.  These  considerations 
make  it  imperative  that  the  tick  be  kept  under  control  in  all  regions 
where  it  occurs  and  that  steps  be  taken  to  lessen  the  danger  of  the 
introduction  of  disease-infected  ticks  into  uninfected  regions. 

Approved : 

James  Wilson, 

Secretary  of  Agriculture. 
Washington,  D.  C,  February  16^  1911. 
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THE  ALFALFA  WEEVIL. 

(Phytonamus  murinus  Fab.) 

By  F.  M.  Webster. 

In  Charge  of  Cereal  and  Forage  Insect  Invent igations, 

INTRODUCTION. 

The  alfalfa  weevil  {Phytonomns  muritms  Fab.)  is  not  native  to 
America,  but  has  been  accidentally  introduced  from  Europe,  western 
Asia,  or  northern  Africa,  where  it  is  common,  and  where,  while  more 
or  less  destructive  to  alfalfa, 
it  is  probably  prevented  by 
its  natural  enemies  from 
working  serious  and  wide- 
spread ravages.  Just  where 
or  in  what  manner  it  was 
brought  to  this  country  no 
one  knows,  but  it  was  first 
discovered  in  the  spring  of 
1904  in  a  small  field  of  al- 
falfa near  Salt  Lake  City, 
Utah,  and  attention 
promptly  called  to  its  pres- 
ence there  by  the  entomolo- 
gist of  the  Utah  Agricul- 
tural  Experiment    Station.** 

THE  FULLY  DEVELOPED 
INSECT. 

The   beetle    itself    (fig.    1)      Fio.    l.— The    alfalfa    weevil    (Phytonomus    muri- 

is  USUallv  less  than  one-  '*'**^  *  ^^"^^^  clustering  on  and  attacking  sprig 
lb     Uhuuiiy     iti5h     iiidii     uiie  ^^  alfalfa.     .Vhout  natural  size.     (Original.) 

fourth  of  an  inch  in  length, 

varying  from  one-eighth  to  three-sixteenths  inch,  and  when  freshly 
emerged  from  the  cocoon  (fig.  5,  much  enlarged),  within  which 
it  passes  from  the  larva  (fig.  6,  much  enlarged)   to  the  pupa   (fig. 


«I'tah  Agricultural  College  Experiment  Station,  Bulletin  110.     The  Alfalfa 
Leaf- weevil,  by  E.  G.  Titus,  Logan,  Utah,  Sei)tember,  lUlO. 
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7,  much  enlarged),  is  of  a  plain  brown  color.    In  a  few  days  this 
brown  becomes  darker,  mixed  with  black  and  gray  hairs,  which  give 

it  a  spotted  or  mottled  appearance,  as 
shown,  much  enlarged,  in  figure  3.  Grad- 
ually these  scales  and  hairs  become  rubbed 
off,  so  that  in  spring  we  frequently  ob- 
serv^e  individuals  that  appear  almost  en- 
tirely black,  with  small,  irregular  gray 
spots  upon  them. 

WHEKE    IT    WINTERS. 

The  insect  winters  entirely  in  the  beetle 
stage,  seeking  shelter,  before  the  frosts  of 
autumn  commerce,  either  in  the  crowns  of 
alfalfa  plants,  close  to  the  surface  of  the 
ground  in  the  field,  or  under  leaves, 
matted  grass,  weeds,  and  rubbish  along 
ditch  banks,  haystacks,  and  strawstacks. 
Indeed,  it  is  oftentimes  found  in  bams 
where  the  hay  is  kept  over  winter.  When 
this  hay  is  being  put  into  the  barn  in  late 
summer,  one  aide  of  the  barn  has  been  ob- 
served to  be  almost  covered  with  adults, 
and  in  winter  and  spring,  when  the  hay 
is  being  fed  out,  the  floor  of  the  barn  will 
often  be  swarming  with  the  beetles,  like 
It  has  been  estimated  that  fully  80  per 

cent  of  the  beetles  that  go  into  winter  quarters  in  the  fall  live  through 

until   spring.     With  the  coming  of  spring  the 

beetles  make  their  way  forth  from  their  hiding 

places  and  attack  the  young  growth  of  alfalfa 

as  soon  as  there  is  sufficient  food  for  them.    In 

ordinary  seasons  they  may  be  expected  to  appear 

the   latter  part  of  March,  and   the  egg-laying 

period  usually  lasts  from  early  April  until  early 

July.  • 

WHERE  THE  EGGS  ARE  LAID. 


Fia.  2. — The  alfalfa  weevil : 
LarTflp  attacking  a  sprig  of 
alfalfa.  Natural  size  ;  larva  at 
right  much  enlarged.  (Orig- 
inal.) 

ants  about  an  ant  hill. 


Fio.  3.— The  alfalfa 
weevil :  Adult.  Much 
enlarged.  (Orig- 
inal.) 


In  very  early  spring,  before  the  plants  have  made 
much  growth,  the  beetles  often  push  their  eggs 
down  between  the  leaves,  the  usual  place  of  ovi- 
position,  however,  being  in  punctures  made  in 
the  stem  (fig.  2),  and  some  damage  occurs  at  the  very  beginning  of 
the  season  on  account  of  the  beetles  puncturing  the  young  stems  and 
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Fig.  4. — The  alfalfa 
weevil:  Eggs. 
Greatly  enlarged. 
(Original.) 


killing  them  in  their  efforts  to  oviposit  in  them.    Some  idea  of  the 

abundance  of  these  eggs  and  the  extent  to  which  the  pest  may  breed 

in  vacant  lots  and  other  waste  lands  where  alfalfa 

has  escaped  from  cultivation  and  grows  as  a  weed 

may  be  obtained  from  the  fact  that  in  one  case  a 

single  plant  has  been  found  to  contain  127  of 

these  egg  punctures  in  the  midst  of  the  egg-laying 

season,  with  the  punctures  fresh  and  new.    As  one 

puncture  may  contain  anywhere  from  a  few  to 

over  30  eggs,  probably  10  or  15  on  the  average, 

this  single  plant  presumably  contained  between 

'1,200  .and  1,300  eggs  at  the  time  it  was  observed.    If  these  hatched 

and  half  of  them  developed  into  female  beetles  and  80  per  cent  of  the 

latter  passed  the  winter,  this  plant  might  in 
a  year  give  rise  to  over  150,000  beetles. 

THE    YOUNG. 

Most  of  these  eggs  (fig.  4,  greatly  en- 
larged) hatch  in  about  10  days  after  being 
deposited,  and  the  minute  young,  almost 
white  in  color,  make  their  way  to  the  leaves, 
first  eating  holes  therein,  soon  assume  a  de- 
cidedly green  color,  and  when  full  grown 
are  about  one-fourth  of  an  inch  long,  with 
a  white  stripe  along  the  back  and  the  some- 
what hooked  appearance  shown  bj^  some  of 
those  in  the  illustration  (fig.  2).  The  attack 
is  now  confined  to  the  young  leaves  and  the  crown  of  the  plant,  thus 
preventing  its  growth,  and  a  badly  infested  field  of  alfalfa  will  fre- 
quently attain  no  greater  height  than  about  6  inches, 
too  short  to  mow  at  all.  If  the  field  is  mown  over 
most  of  the  larvae  will  of  course  be  shaken  off  ^nd 
drop  to  the  surface  of  the  ground.  While  some  of 
these  perish,  those  that  survive  and  live  upon  the 
fresh  growth,  together  with  those  hatching  from 
eggs  deposited  after  the  mowing,  develop  sufficient 
numbers  to  overwhelm  and  destroy  the  second  crop. 
The  larvae  continue  to  attack  the  plants,  being  most 
abundant  during  May  and  gradually  becoming  less 
abundant  throughout  the  month  of  June.  As  these 
transform,  the  adults  become  more  and  more  abun- 
dant as  the  season  advances,  and  not  only  do  they 
feed  upon  the  fresh  growth,  but  they  also  eat  the  bark  from  the 
stems,  and  thus,  where  excessively  abundant,  totally  destroy  the 


Fig.  5. — The  alfalfa  weevil : 
Cocoon.  Much  enlarged. 
(Original.) 


Fio.  6. — The  alfalfa 
weevil :  Larva. 
Much  enlarged. 
(Original.) 
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second  crop.  Eggs  have,  however,  been  fonnd  as  late  as  October  31 
and  larvae  as  late  as  the  middle  of  November. 

The  entire  life  of  the  insect,  from  the  deposition  of  the  egg  to  the 
emergence  of  the  adulf,  may  be  anywhere  from  40  to  70  days,  while 
the  beetle  itself  may  live,  including  the  winter,  from  10  to  11  months. 
In  the  first  four  years  following  its  discovery  the  alfalfa  weevil 
has  spread  over  a  total  area  of  fully  100  square  miles  of  territory. 
(See  map,  fig.  8.)     So  rapid  has  been  its  diffusion  and  so  destruc- 
tive its  effects  upon  alfalfa  that  in  the  fall  of  1909  the  governor  of 
Utah  appealed  to  the  Secretary  of  Agriculture  for  help  in  the  inves- 
tigation of  the  pest  and  in  experimentation,  with  the  hope  of  finding 
some  measures  of  relief.     At  the  present  time  it  is  known  to  occur 
from  Salt  Lake  City  southward  as  far  as  Provo  and  northward 
probably  to  Ogden,  as  it  has  been  found  within  a  few  miles  of  that 
city.     It  occurs  westward  to  Tooele  and  eastward,  at  any  rate,  as 
far  as  Echo  City.     It  will  not  be  at  all  surprising 
if   by   another  spring   it    is   found   in   southwestern 
Wyoming,    southern    Idaho,    Nevada,    and    perhaps 
Colorado.    The  beetles  have  been  repeatedly  observed 
in  cars  on  railway  trains  passing  in  and  out  of  Salt 
Lake  City.    In  one  instance  27  were  taken  in  the  vesti- 
bule of  one  sleeping  car  on  a  train  iif  Salt  Lake  City 
one  day  in  July  of  last  year,  and  have  been  found  on 
freight  cars  within  sight  of  the  Idaho  line.     There 
p,r   7  —The  ai     ^^^^^  "^^  appear  to  be  any  reason  why  it  may  not  be 
faifa    weevil:    carried  in  the  same  way  over  the   San  Pedro,  Los 
onTargTd!    Angclcs  and  Salt  Lake  Railroad  and  left  in  the  al- 
(Originai.i  falfa  fields  of  southern  California,  while  by  similar 

modes  of  distribution  it  may  be  carried  by  the  Oregon  Short 
Line  Railroad  into  Idaho  and  by  the  Union  Pacific  Railroad  east- 
ward into  the  alfalfa  fields  of  Wyoming  and  Colorado.  (See 
fig.  9.)  It  is  within  the  range  of  probabilities  that  it  may  find  an 
eastern  outlet  over  the  Denver  and  Rio  Grande  Railroad  into  southern 
Colorado  and  western  Kansas.  AMien  we  come  to  take  into  consid- 
eration the  fact  that  alfalfa  escapes  from  cultivation,  and  in  many 
cases  grows  as  a  weed  along  these  railways  and  roadsides,  we  can 
well  understand  how  easily  these  insects  might  be  transported  by  the 
railways  and,  losing  their  hold,  drop  off  along  the  way  and  find 
ample  food  in  this  alfalfa  that  has  escaped  from  cultivation. 

Besides  railways,  there  is  another  possible  means  of  dispersion. 
The  beetles  may,  like  those  of  some  of  the  eastern  species,  be  washed 
into  the  tributaries  of  streams  and,  floating  down,  become  established 
in  alfalfa  fields  along  their  borders.     (See  fig.  8.) 
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FiQ.  8. — Map  showing  spread  and  area  covered  by  the  alfalfa  weevil  In  Utah  up  to  July 

1,  1911.      (From  Tltus.) 
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Fig.  9. — Map  showing  principal  railroad  lines  In  Utah.     Note:  The  four  main  Unas  all 
pass  through  the  region  Infested  by  the  alfalfa  weevil.     (From  Tltiis.) 
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Besides  the  two  modes  of  diffusion  previously  mentioned  (that  is, 
by  rail  and  by  water),  there  is  a  third,  which,  while  perhaps  not 
disseminating  the  insect  so  far  in  any  given  time,  is  certainly  a  method 
of  dispersion  of  the  greatest  importance.  This  is  the  migration  of 
the  adult  insects,  which  occurs  from  about  the  middle  to  the  20th  of 
June  in  the  vicinity  of  Salt  Lake  City,  after  nearly  all  of  the  larvae 
or  worms  have  developed  to  adults.  About  this  time  great  num- 
bers of  the  insect  seem  to  take  wing  and  scatter  from  the  fields 
where  they  have  originated,  being  aided  and  their  course  shaped  by 
every  strong  wind  or  gale  that  happens  to  occur  at  this  time.  As 
illustrating  the  importance  of  this  habit  of  the  beetles,  on  June  18, 
1910,  with  a  strong  wind  from  the  south,  both  the  Government  and 
station  entomologists  observed  the  air  to  be  full  of  adults  moving 
with  the  wind.  Just  how  high  these  insects  fly  would  of  course 
indicate  whether  they  can  be  carried  by  air  currents  over  the  moun- 
tain ranges  or  whether  they  must  follow  up  and  down  the  canyons. 
This,  as  well  as  the  question  as  to  how  far  they  can  fly  with  the  aid  of 
the  wind,  is  a  matter  that  has  not  yet  been  definitely  determined. 
As  a  matter  of  course,  the  dispersion  of  the  insect  occurs  almost  en- 
tirely in  the  adult  stage.  Larvae  can  only  be  carried  in  numbers  from 
one  field  to  another  by  the  flowing  water  in  the  irrigaticm  ditches  that 
runs  through  or  beside  fields  badly  infested  with  the  pest.  They 
have  been  found  floating  along  with  the  current  in  this  way. 

It  must  not  be  inferred  from  what  has  been  said  of  this  migration 
that  all  of  the  beetles  leave  the  alfalfa  fields  in  summer.  It  seems 
that  these  voyagers  constitute  only  what  might  be  termed  the  over- 
flow. Vast  numbers  remain  in  the  alfalfa  fields,  and  while  they  do 
not  eat  the  crown  of  the  plant,  as  do  the  larvae  or  young,  they  gnaw 
off  and  devour  the  outer  surface  of  the  stem,  thus  skeletonizing  and 
killing  the  plants,  giving  a  field  thus  attacked  much  the  appearance 
of  having  been  scorched  by  fire.  If  at  this  time  a  field  is  mown  off, 
or  when  the  plants  have  all  been  destroyed,  leaving  no  more  food  for 
them,  the  remainder  move  out  of  the  field,  evidently  seeking  new 
food  supply. 

FUTURE   INVESTIGATIONS. 

As  will  be  observed  from  a  study  of  the  map  (fig.  10),  the  pest 
has  become  established  in  the  midst  of  the  alfalfa  region  of  the 
West,  where  this  is  by  far  the  most  important  crop  grown.  From 
what  is  known  of  the  insect  in  Europe,  and  in  the  light  of  its  be- 
havior since  its  discovery  in  this  country,  there  seems  little  hope  for 
anything  from  it  but  dispersion  and  destruction.  It  has  no  natural 
enemies  except  frogs  and  toads,  both  of  which  are  by  far  too  few  in 
numbers  to  restrict  its  ravages  to  the  slightest  degree. 
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The  Utah  Agricultural  Experiment  Station  during  the  season  of 
1910  carried  out  a  great  number  of  field  experiments  with  different 
methods  of  controlling  the  weevil,  but  none  of  these  has  so  far  given 
entirely  satisfactory  results.  Besides,  measures  that  are  practicable 
in  one  locality  may  be  impracticable  in  another. 

It  would  seem,  therefore,  that  the  efforts  of  the  Bureau  of  Ento- 
mology should  be,  first,  to  endeavor  to  restrict  the  pest  as  effectually 


Fig.   10. — Map  showing  area  in  Utah  Infested  by  the  alfalfa  weeyil  with  reference  to 
alfalfa  culture  In  the  wostern  half  of  the  United  States  In  the  year  1809.     Note:  The 
«     numerals  indicate  the  acreage  devoted  to  the  culture  of  alfalfa  In  each  State.     (From 
Westgate.  Farmers'  Bui.  n.'iO.) 

and  as  long  as  possible  to  its  present  area  of  infestation,  and,  second, 
to  use  every  means  in  its  power  to  control  it,  in  the  meantime,  within 
this  area.  In  the  first  instance,  the  bureau  experts  will  have  the 
cooperation  of  the  Utah  Agricultural  Experiment  Station,  as  during 
the  past  year  (1910),  but  in  the  very  important  part  of  this  work, 
namely,  the  introduction  and  colonization  of  natural  enemies,  both 
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native  and  foreign,  the  Federal  authorities  can  treat  the  infested 
section  as  a  whole,  regardless  of  State  boundaries,  and  thus  work 
without  handicap. 

Quarantine  between  the  different  States  is,  in  the  case  of  the 
alfalfa  weevil,  wholly  useless  on  account  of  the  agency  of  the  railroads 
and  winds  as  factors  in  the  dispersion  of  the  beetles.  There  is  dan- 
ger of  dispersion  in  shipments  in  interstate  commerce,  but  in  the  case 
of  what  is  perhaps  the  most  dangerous  medium,  that  of  baled  hay, 
owing  to  the  ravages  of  the  pest,  the  movements  of  shipments  are  for- 
tunately toward  instead  of  from  the  infested  area.  As  to  other  arti- 
cles entering  into  interstate  commerce,  it  would  be  impossible  to 
guard  against  the  beetles  concealing  themselves  in  almost  any  sort 
of  a  box,  bale,  or  package  of  whatever  shape,  size,  or  nature. 

The  most  inexpensive  and  practical  means  of  controlling  introduc- 
tions of  the  pest  by  railroads  appears  to  be  in  the  close  surveillance 
of  the  railroad  right  of  way  and  the  stamping  out  of  incipient  out- 
breaks as  soon  as  discovered.  This,  too,  seems  a  duty  likely,  at  least 
for  the  present,  to  devolve  upon  the  Federal  authorities,  as  nearly  all 
of  the  States  adjoining  Utah  are  without  the  means  of  carrying  such 
a  plan  into  operation,  and  a  year  at  least  would  be  required  to  put 
into  operation  the  legislative  measures  necessary  to  meet'  tlie  situa- 
tion. Therefore,  the  greatest  assistance  can  be  afforded  by  the  grow- 
ers of  alfalfa  personally,  especially  along  railways  and  near  towns 
and  villages,  by  keeping  close  watch  of  their  fields  and  promptly 
notifying  the  Government  or  State  authorities  of  the  occurrence  of 
any  insect  resembling  this  alfalfa  weevil,  as  described  and  illustrated 
herein.  It  is  chiefly  for  the  purpose  of  reaching  such  persons  and  of 
promptly  obtaining  information  as  to  the  first  appearance  of  the  pest 
in  anj'  locality  that  this  circular  is  published. 

Approved : 

James  Wilson, 

Secretary  of  Agriculture, 

AVashington,  D.  C.,  February  ^-5,  1911, 
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